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DON'T SAY IT — Write 1t | DATE: September 22,2011 , , / /

TO:  File T4-06 FROM: Mellakes 7/ el efps-06

co: . Telephone: 373-0045

SUBJECT: __Argonne East Gemented Diums Designation Information Package

Background:-

The Argonne-East waste consists of neutralized acid solution of dissolved fusl rods containing
233y and ®2Th from the Argonne-East Proof of Breeder (POB) program. The acid solution was
neutralized with staked lime and mixed with cement. The cemented drums were received at
Hanford from June 1985 through September 1985, The dissalver solution from Argonns-East
was cemented and neutratized with slaked lime in 5.7-L (1.5-gal) cans.

Information:

The Acceptable Knowledge Summary Report of the Argonne National Laboratory Waste, WMP-
‘32026 was completed in 2007, Attachment 1-A is the updated Argonne-East Cemented Drums
designation (ANL-DES-01-01). Attachment 1-B is the original Argonne-East Cemented Drums
designation (ANL-DES-01-00), Attachment 2 is a list of the 42 cemented containers along with
the background information for updating the designation. Attachment 3 provides the.
conservative calculations for the chromium and cadmium. Attachment 4 containg the reference
documents that were used to perform the calculations in Attachment 3. Attachment § is the

hand calcutation for Nickel which has the highest component weight percent {70%) in Inconel X-
750 metal.

The updated designation has been developed due to new information provided in the
attachments, .ti.es’igh"éitién'?ANE;erD.E_S_-O‘_!_::._QO;.-W-M;F;S?__{}_,;_.:2,-34,'?*and:;.th_eﬂW:M P-870;:5:1:procedures; ¥
Revised calculations were performed with the addition of stesl and cement as part of the waste
matrix. The internal cement and metal container were added to the waste matrix. The otiginal
designation ANL-DES-01-00 did not account for the cement or inner container metal as part of
the waste matrix. Designation ANL-DES-01-00 conservatively assigned the cadmium (D00B)
¢hromium (D007), and lead (D0O08) waste codes.

Designation ANL-DES-01-01 used the following information for cadmium, chromium and lead
for the cemented drums: '

¢ D006 waste code — Cadmium was calculated to be 1.4E-05 ppm which is below the
regutatory fimit of 1mg/ TCLP (1 ppm).

« D007 waste code — Chromium was calculated to be 1.0 ppm which is below the
regulatory limit of 5 mg/l TCLP (5 ppm).

D008 waste code - Lead Is not part of the waste matrix and was clearly used as
- - shielding. The D008 waste code will not apply for lead used as shielding.

A-3000-723 (01/98)




Lime (10ppm), nifric acid {(10ppm), and hydrofiuoric acid (10ppm) were identified in the
designation at very low amounts. The liquid solutioh waste solidified with cement, Nickel was
-one of the highest component amounts in the metal composition and was added fo the
designation.

Conclusion:

Based on the information provided and the caleulations the D006, D007, and D008 waste codes
will not apply io the cemented drums from Argonne East. The waste was designation as low
fevel waste,

Attachments:

. Attachment‘l Argonne National Laboratory Designations .
— 1-A, Updated Argonne-East Cemented Drums designation (ANL-DES-01-01)
— 1-B, Original Argonne-East Cemented Drums designation (ANL-DES-01-00).

» Attachment 2, List of the 42 cemented containers along with the background information
for updating the designation.

+ Attachment 3, Calculations for the chromium and cadmium. -
« Attachment 4, Reference documents for calculations in Attachment 3.

+ Attachment 5, Calculation for Nickel (the highest component Weight percent, i.e., 70%, in
Inconet X-750 metal.
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Designation # 4 VL~ bzs-o01 - 0l

(1)

(2)
{3)

(4)
(5)

(6)

M 9fell|

Dasignation Codes

Not a discarded chemical product {old/unused or sole active ingredient) (WAC 173-303-
9903) -

Not a dangerous waste source (used/spent) (WAC 173-303-9904)

Does not exhibit dangerous waste characteristic / cilteria per:

a} MSDS

b) Lab analysis

¢} Generator knowledge

d} Insufficient concentration M. 2-T-1]
e} Notinthiswaste form M. 9-g- 1}

Federal listed waste code takes precedence (40 CFR 268.9)

Underlying Hazardous Constituent(s) not applicable per:

a) Alternative treatment standard — hazardous debrls {40 CFR 268.45)

b) Transuranic waste

¢} Federal waste code assigned that does not specify meeting 40 CFR 268.48 universal
treatment standards

d} Federal listed waste code assigned

e) Federal characteristic waste code assigned ;

f}  Federal characteristic waste code not assigned f

g) Insufficient concentration {40 CFR 268.48) :

h) Not an UHC in characterlstic wastes, according to the definition at 40 CER 268.2(i)

1} Nowaste code assigned that specifies meeting 40 CFR 268.48 universal treatment
standards WM. 4~q-| o '

i) To bedetermined based on treatment/disposal path

*FExclude: C . _

a) WTO1 EHW Washington State waste code, because Federal listed and/or characteristic
waste code(s) assigned. Additional designation not required in accordance with WAC
173-303-070(5) _

b) WTO2 DW Washington State waste code, because Federal listed and/or characteristic:
waste code(s) assigned. Additional designation not required in accordance with WAC
173-303-070(5) ' ,

) WPO1EHW Washington State waste code, because Federal listed and/or characteristic
waste code(s) assigned. Additianal designation not required in accordance with WAC
173-303-070(5} ,

d} WPD2 DW Washington State waste code, because Federal listed and/or characteristic
waste code(s) assigned. Additional designation not required in accordance with WAC
173-303-070(5) ’

e} WPO3 EHW Washington State waste cote, because Federal listed and/or characteristic
waste code(s) assigned. Additional designation not reguired in accordance with WAC
173-303-070(5) :

f)  Exclude Washington State waste code, waste tegulate

d under CERCLA and/or TSCA, not
RCRA or WAC 173-303 ’ .
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Al1l.0 ARGONNE WASTE DESIGNATIONS

Desiguntion # ANL-DES-0]-00, ANL-DES-02.80, ANL-DES-03-09 Whil-32026

w2 -bsd
_{Q_! b 27 Eag
3

Rev. &
Desgignation Codes

Not a discarded chemical praduet (old/tunused or sole active ingredient)
{WAC 173-303-9903)

Not a dangerous waste souree (used/spent) (WAC 173-303-0004)

Does not exhibit dangerons wagte chavecteristie / eviterin pen

a) MsbS

b} Lab analysis

(;gg {~10-87F &) Generator knowledge

to-pf  d) Tnsufficient concertration
i—io=¢ 1 e) Notin this waste form

{4)
(5)

%_/—m—o’?

O lpen-

(©)

Federnd Hsted wiiste code takes precedences (40 CER 268,9)

Underiylng Hazardous Constituent(s) not applicable per

o) Alernative freatment standard - hazardous debris {40 CFR 268 45)

b) Trensuranic woste

t) Federal woste code assigned that does not specify mee’tmg 40 CFR 268.48
universal freatment standards

d) Federol listed waste code asclgned

) Federal charocteristle waste code assigned

f) Federal characieristic waste code not assigned

9} Insufflcient concendration (40 CFR 268.48)

h) Mot an UHC in characteristic wasies, according to the definition at 40 CFR
268.2(H)

1) No woste code asaigned that specifies meeting 40 CFR 268, 48 universal

treatment stondards

To be determined based oh treatment/disposal path
*Euelude:

Jlp-07] @) WTOL EHW Washington Sfate waste code, because Federal fisted arid/or
%&)_"‘_" chavacteristic waste code(s) assigned, Additional des:gnuﬂan not required

in accordance with WAC 173-303-070(5)

choracteristic waste code(s) assigned. Additlonal desigm:ﬂon hot required

(a 14 ) [~ip-0 Lb} WTQ2 bW Washington State waste cade, because Federai listed and/er

%ﬁ.ﬁiﬂ:ﬁ

{n accordance with WAC 173-303-070(5)

¢} WPOT EHW Washington Stave waste code, bécause Federal listed and/or
characieristic waste code(s) assigned. Additional designation not required
in accordance with WAC 173-303-070(5)

d} WPG2 bW Washington State waste code, because Federal listed andfor
characteristic waste code(s) assigned. Additional designation net required
in accordance with WAC 173-303.070(5)

e} WPD3 EHW Washington State waste code, beénuse Federal listed and/or
tharacteristic waste code(s) assigned, Additional designation not required
in accordance with WAC 173-303-070(8)

) Exelude Washingtan State waste code, waste regulated under CERCLA
andfor TSCA, not RCRA or WAC 173-303

Al
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Lakes, Melvin E (Mel)

From: Austin, Richard L
Sant: Tuesday, August 16, 20411 10:41 AM
To: Lakes, Melvin E (Mel)
Subject; FW!: ANL-E Drum Summary - August 2011
Richard L. Austin
Muterials e Energy Corporation
Technical Services - Team. Lead Waste HAcceptance
509-372-0678
P

From: Cornelison, Chad

Sent: Friday, August 12, 2011 2:38 PM

To: Nester, Dean E; Catlow, Rene L

Cct Ware, Nancy W; Karschnia, Paul T; Miskho, Anthony G; Austin, Richard L
Subject: ANL-E Drum Summary - August 2011

The 42 ANL-E drums are currently stored in CWC as CH-MLLW (41 55-gal drums and 1 85-gal overpack with 55-gal
inside). They should be considered RH-MLLW {Treatability Group MLLW-07) for any intrusive waste management
activities or waste tracking. PINs include:

0038229 5208025 5208045 5208063
5208011 5208026 5208046 5208084
5208012 . 5208031 5208051 5208085
5208013 5208032 5208052 5208066
5208014 5208033 5208053 5208074
5208015 5208035 5208054 5208072
6208016 5208036 5208065 5208073
5208021 5208041 5208056 6208074
5208022 5208042 5208081 5208075
5208023 5208043 6208062 5208076
5208024 5208044 '

The LLW Determination paper has good background information regarding this waste and justifies the 435.1
classification as MLLW (not SNF or HLW). Final DOE-RL comments and approvals received 8/10/11. Formal public
release through document control was completed 8/11/11.

The following AK document was completed for the ANL-E waste in 2007: Acceptable Knowledge Summary Report for the
Argonne National Laboratory Waste (WMP-32026), and is available'in IDMS. Per the AK, the waste designated as MLLW
for D006, DOO7, and DOOB characteristic metal codes set at the regulatory limit {worst case designation). Conservative
calculations performed by ANL-E and ourselves support the designation for D007, but not DOD6 or DOOS, It was
determined since the D007 applied there was no real benefit to remove the D006 and D008 waste codes, 50 they were
left on,

It was agreed upon that the best defensible disposition pathway for the waste was obtaining a site-specific treatment
variance from Ecology and treating by in-cell MACRO at MWDUs. As time and priorities permitted, a treatment variance
was submitted to DOE-RL for approval, and they submitted the treatment variance to Ecology on 5/16/11. The
treatment varlance was based on characterization of the inner containers holding cemented dissolver solutlon from test
reactor research. The packaging and shielding components were not included in the calculations. Ecology suggested we

1




look at adding packaging in the waste weight and re-evaluate the regulatory status of the waste. There is some
. precedence for managing all container contents as waste, especially if the retrieval is considered the point of
_generation, This was brought up in a meeting with CHPRC/DOE-RL personne! on 8/9/11 and it was determined best not
- to include lead shielding in the evaluation, since the lead in these waste packages is clearly for shielding.

Revised calculations were performed using the previous methodology but with the addition of the steel/concrete
components. The D007 result was less than the regulatory limit and would not designate as DO07. Waste Support
Services will work on getting addendums to the PIN files and redesignation as LLW {remove D008, D007, and D008 waste
" codes). When this Is completed the waste will not require RCRA treatment for disposal in the MWDUs, The waste will
still he WC3 LLW and reguire radiological stabilization {l.e., grouting).

Actionees: Chad Cornelison and Rick Austin — Chad provided justification and revised calcutations to Rick to
complete Addendunis. Waste Services will determine who is going to do the addendums. Target Sept 15,

PINs 0038229 and 5208052 were non-destructively examined In the box vault at WRAP and the Waste Support Services
determined they do not meet 90% full requirement for land disposal and that the package arrangement is not suitable
for simple void filling like conducted for HTGR drums. A video tape of the NDE at WRAP is available for viewing. To date,
waste packages not meeting 90% full have not been accepted for disposal in MWDUs (e.g., direct disposal, monoliths, or
HICs). The ECOs and Waste Support Services will need to resolve this issue before they can be disposed in a monolith or
HICs. A decision will need to be made on steps required to achieve the 90% full or eguivalent conditions. Operations
provided some optlons but they need clarification and direction from ECO/Waste Support Services to perform the work.

Actionees: Nancy Ware/Tad Karschni. Questions to resolve include:
s Can waste packages <90% full be accepted into MWDUs at all (HTGR drums were void filled prior to

placement in the disposal cell}?
¢ Canthe void filling occur in cell?

e Can the intent of 90% full rule {i.e., subsidence control) be achieved by some other means such as '
placement in a HIC or using extra grout/structural monolith.

Operations have provided several options depending on the cutcome of the regulatory approval for meeting 90% full.
They are:.

» Place <90% full waste packages in MWDU, remove the lids, and flood grout to meet 90% full/50 psi/radiological
stabiiization.

» Place <90% full waste packages in MWDU, cut holes in sides of drums, and fload grout to meet 90% full/50
psifradiological stabilization. :

+ Place <90% full waste packages in MWDU, keep packages Intact, and use extra grout thickness to meet 90%
full/s0 psifradiological stabilization.

o Place <90% full waste packages in MWDU, place in HIC, and void fill to meet 90% full/50 psi/radiologlcal
. stabilization. This option would require approval to load in <90% drums.

ECOs and Tony Miskho believe they can get CHPRC Environmental Group to approve placement without vold filling, then
we could choose any pathway agreeable to Operations to meet the 50 psi requirement {monolith/HIC). [will check with
them next week if they have made any decisions. Operations will need to know how the drums will be handled
regarding the 90% full issue, the they can do their part.




Project information and documents are located on the share drive at Y\Nester\Contracts\MLLW-07\ANL-E MLLW-07
Drums\ARGON Waste LDR Variance. '

Thanks,

Chad D. Corneilson

CHPRC Wasta Disposition Project
phone: 509-373-3128

fax: 509-372-0437
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CONSERVATIVE CALCULATION OF CR IN TCLP EXTRACT IN ARGONNE WASTE

Basis:

1. Primary can and the primary can contents considered waste. All other material considered
packaging.

2, Dissolver solution Included the dissolved fuel and an inconel X plemum hardware. Cladding
hulls were cemanted separately from dissolved fuel.

Givens;

. 700 liters of waste solution mixed with cement. (Reference 1)

. Waste cans are 1.5 galfons, {Reference 1)

233 Waste cans were generated, (Reference 2)

. Waste cans were fllled t6 the top with cemented waste, (Reference 1)
Maximum Cr content It Inconel X is 17% maximum. {Reference 3}

. Maximium Cr content In Zircaloy-4 is .13 wt. %. {Reference 4)

. Maximunt Cd content in Zircaloy-4 is 0.00005 wi. %. {Referance 4)

. Pb s not listed as an impurity In the Technfcal Data Shests for both the Zirca[oy -4 and the
Inconel X, Consequently, It Is assumed that any lead present would tnval
8. Summary of fuel data (Reference 2) |

ONO oA WN -

BAPL
NiCrFe Recovere Mass
. nominal Plenum Sey. d Hulls Dissolve
Rod Type Mass(g) Mass(g) Mass(g) d{g)

B PFB 120 186.83 83,174 1038.7
C PFB 120 186,73 86,737 1000
D RPFB 120 185.411  105.144 80.3
E PFB 120 . 189.188 85.687 103.5
F - PFB 120 - 187.804 78.09 100.7
G PFB 120 186.33 ° 82853 103.4
H HEF 120 278,607 188,763 80.8
I SB 140 223,316 106.547 116.8
J 8B 140 224,443 86.452° 138.0
K SB 140 224,629 78.732 145.8
L SB 140 224.433  81.836 142.5
M 'Seed 20 : 48,252 24,635 236
N Seed 20 48.018 24,944 23.1
O Seed 20 b7.745 34.09 23.7
P Seed 20 48.917 23.66 25.3 Est,
Q Seed . 20 57.324 30.988 26.3
R REF 120 261634 172,892 88.7

Total Mass Dissolved = 14442
Assumption:

1. For a worse case analysls, assume all dissolved materla! 18 17 wt. % Cr {i.e., primarlly plenum
inconsl components).

2. For a worse case analysls, assume all dissolved material ts .00005 wt. % Cd {L.e., primarily cladding)

3. Dissolved material has same concentration as original material.
4. Density of cementod waste Is 122,86 [bs/ft3 (Calculated Value). -




Caleulations:

Maximum possible dissolved Cr = 246 g

Total Volume of Waste = 3495 gal = 46.73 1©°
Total Mass of Waste = 5741.02bs = 2,604,089 g
Cr content in waste = 0.4270E-05gfg = 94.28 ppm

I§ TCLP extract is conducted (100 g sample/2,000 mi extraction fluid)
Crin sample = 0,009428 g

Assume a density of 1 mlfg for ihe extract (this Is a conservative estimate) and assuming alt Cr leaches out

The Cr conc in the extract = 4.71395E-06 g Cr/g extract = 4,7 ppm
MaxImum possible dissolved Cd = 7E04g

Total Volume of Waste = 349.5 gal = 46.73 1

Total htass of Waste = ‘ 5741.02hs = 2,604,088 g

Cd content In waste = 277201610 g/g = 0.000277 ppm

It TOLP extract is conducted (100 g sample/2,000 ml extraction fluid)

Cd In sample = 277E-08 g
Assume a density of 1 ml/g for the extract (this is a conservative estimate) and assuming all Cd leaches out

The Cd conc In the extract = 1.38646E-11 g Cr/g extract = -14E-05 ppm
References: : ’

1. *Final Report for the Light Water Breeder Reactor Proof-of Breeding Analytical Support Project,”
ANL-87-2, Graczyk, D.G., Hoh, J.C., Martino, F.J., Nelson, R.E., Osudar, J,, and Levitz, N.M.,
Argonne Natlonal Laboratory.

2, E-mall from D.G. Graczyk to J.D Dalton Dated 5/5/08.

3. Inconsi X Tachnlcal Data Sheet

4, Zircaloy Technical Data Sheet from ATl Wah Chang, Albany, OR.

Adjusied Calculafion using steel and concrete packaging components in net waste weight
Average Net Waste Weight= 620 kg (Total of 42 drums, 5§5-gal drum tare = 27 kg)
52% Is lead shielding and not included = 322.4 kg 322,400 g

48% is cemanted waste, steal, concrete = 287.6 kg 297,600 g

Max possibie dissolved Cr = 246 g per drum: - 5.86 g

Cr Content in waste = 1.97E~05 glg 19.7 ppm

If TCLP extract is conducted (100 g sample/2,000 mi extraction fluid)
_Crin sampie = 0.002 g

Assume a density of 1 ml/g for the extract {this is a conservative estimate) and assuming ali Cr leach

The Cr conc in the extract = 9.85E-07 g Cr/g extract = 1.0 ppm
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Distribution Category:
Light Water Reactor Technology
(UC-78)

ANL-87-2

ARGONNE NATIONAL LABORATORY
- 9700 South Cass Avenue :
Argonne, Illinois 60439

FINAL REPORT FOR THE LIGHT WATER BREEDER REACTOR
PROOF-OF-BREEDING ANALYTICAL SUPPORT PROJECT .

-'.by

D G. Graczyk, J. C Hoh F. J. Martino, R..E. Nelson, .
Johm Osudar, and N M. Lew{;z o

Chemicel Tachnolbgy Division -

Ma,y 1987




39

sampled. One tubing section was long enough to be inserted into the BT
through the wide-bore gate valve on the tank; the other end of this tubing
protruded through the stopper by a length equal to the height of the void space
in a properly filled bottle (g,bout' 25 ml, or 356 g, of solution was taken for each
sample).” The other section of tubing extended only fo the bottom of the rubber
stopper, and connected to the peristeltic pump. The pump moved only air into

or out of the sample bottle. Solution from the BT was drawn into the bottle by

pumping air out of the bottle; when the protruding end of the inlet tube was
submerged in solution, the pump was reversed, -and air pressure in the bottle
returned excess golution to the BT, clearing the inlet tube of liguid. The
stopper/tubing essembly could then be moved to another bottle and the process
repeated.

- A major advantage of not pumping the solution directly was that
tubing in the pump heads did not have to be replaced to provide clean sampling
lines; frequent remote assembly and disessembly of the peristaltic pump heads
wotld have been an onerots task. The stopper/tubing sssemblies used on this
system were prepared en masse outside the hot cell and fransferred in as needed.

The bottles, used to contain the solution samples ars also worthy
- of note. We selected round, 60-mI Pyrex bottles with a narrow-mouth screw cap
closure. Polypropylené caps were used on the bottles after early testing showed
that Bakelite caps changed weight with changes in ambient conditions, possibly
because Wwood flour is used as a filler in their manufacture. The polypropylene
caps were, in addition, modified- to permit venting of radiolytically produced gases
generated in the solutions, This modification was made to avold pressure buildup
in samples placed in archive storage. To provide the venting, a small (1/16-in.
dia) hole was drilled in each cap and a liner, consisting of a gas-permeable
membrane and a Viton sealing gasket, was inserfed against the inside of the cap.

With 25 mL of solution, e bottlé could be laid on its. side
without having solution enter the bottle neck; liquids did not easily .penetrate the
.gas-permeable membrane, even with ‘the bottle held upside down. Of course, the
solution samples were not intentionally handled in such ways, but selections were .
‘made to accommodate worst-case situations.

e. - Liquid-Waste Storage System

. , Provision was made for storing, in the DDS hot cell, the fuel-
bearing waste solution produced by.the dissolvers. The liquid-waste storage
system centered around two 370-L 88 waste tanks located between the ftwo dis- -
solver systems. BEach tank rested in a deep secondary tray and ‘was enclosed | .
with lead cover plates (1.0-in. thick) to shield the in-cell equipment and theréby -
minimize-damage to radiation-sensitive items. Fach tank was also equipped with
an externally controlled mixing systém and instrumentation to measure liquid
levél, The vapor space of each tarik was continuously purged with house-supplied
air to-enhance the evaporation of stored solution and thereby reduce the amount
of liquid waste needing to be processed into cement waste. A vent delay was
incorporated into the air outlet to allow for the holdup and decay of *Rn [a
daughter of 2¥2U), which emanated from the waste solution. ‘ '

The. two waste tanks were connected to a system of valves, which

~ allowed a common transfer pump to be used in moving solution from either BT
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to either waste tank, from one waste tank to another, or from either waste tank
to the waste treatment facility located on the floor above. :

£, Welighing Systerns in_the DDS Facility

The DDS facility contained five remotely operated electromic
balances, Two of these were included as part of the BT assemblies as described
in Section IILA.4.a; each BT balance had a set of three 5-kg standard weights
fabricated at ANL (see Section IILA.2.d for fabrication details). The other three
balances were located in balance wells in the cell work table ag described in
Section II1A.2.d. These inclided two PK-800 balances (one at each dissolver
«work station), which were used to weigh segments {<286 g) and solution samples.
The remaining balance was a PK-2000 unit used for weighing segments of mass
" grenter than 288 g prior to their dissolution; this balance was located near the
general-purpose work station of the DDS cell. -

5. The Analytical Hot Cell

. The Analytical Hot Cell. was a kilocirie cell having two work stations
and was equipped for prepering samples, generated in the POB operations, for
analysis, These preparations included such operations as dividing solution samples
into weighed aliquots, performing solvent extraction and ion-exchange separstions,
and carrying out & variety of chemical transformations on samples and solufions.
The cell contained two top-loading electronic balances: one, used for coarse
weighings, wes a Mettler Model PR-700 Edﬁal range, either 70-g capacity at 0.01-g
resolution or 700-g capscity at 0.1-g resolution); the other was a remotely
operated” Model AK-160-(160-g capacity at 0.1-mg resolution}, which wes located
in a balance well with draft shield and interfaced to the project data sysfem.
The' AK-160. balance was used for weighing the samples and aliquots. Two large-
surface hot plates, a clinical centrifuge, and a variety of reagent dispensers and
sample-handling fixtures also were in the cell .

In addition to the transfer systems installed in the alpha barrier {see

Section IILA.2.b), this cell also had a double-door sliding transfer hatich built into
one of its shielding walls. The transfer hatch was & 10 by 12 in. opening in fhe .
cell wall, with pneumatically powered shielding doors covering the in-cell and out-
of-cell faces of the opening. The door controls were interlocked so that only ome
‘6f the itwo shielding doors could be open.at any time, To provide easy access to
‘transferred items, the opening had & sliding tray that could be extended info or
out of the cell (when the appropriate door was open). A Lexan and steel
transfer box, equipped with two glove ports and a S8 bottom tray, was attached
to the outer cell wall over the shielded transfer hatch opening. The transfer -box
was “yented into the cell and served as an interface in transferring miscellaneous
gmall items such' as beakers, lon-exchange columns, etc., into the ¢ell, In
addition, it was used. for moving prepared samples out of the cell to other
_analytical facilities. A shielded area for temporarily storing prepared samples
{e.g., semples for gamma-counting analysis) was constructed from lead bricks on
the floor of the transfer box. . '

6. The Waste Treatment Facility

_ A “hot cement” works was set up to dispose of analytic residues '
mainly, the bulk dissolver solution) as a monolithit TRU waste form. The cell
irectly above the DDS céll was selected for the waste treatment operation to




41

simplify transfer-piping installation. The cell was partltloned go that it formed an
L-shaped -alpha-containment region, which was further divided to separate eath leg
of the “L.” 'Bach cell area served a different function. The larger ared housed '
two specially designed mixing stations, a transfér lock for moving materials into
the cell, and a specially designed ‘‘can-out system’ for removal of cement-filled
cans, whlch coraprised the monolithic waste. The smallex area conbained 10
drying ovens {see process description below), . The barrier wall separating these
two regions was fitted with a transfer lock but also allowed for directed
ventilation flow (elso discuesed below). All of the equipment was designed to be
maintained remotely with M/S manipulators. Becausé waste treatment operations
did not affect the validity of ANL's destructive assay results, discussion of this -
topic is kept brief in this report. Consequently, facilities, operations, and results
are_all described in this section (IIIAG) rather than beiiig separately considered -
iz done for the other major operations areag (FSS," DDS, Analytical).

a, Egulpment .
1) ‘The Cement Mixing Stations

The two cement mixing stations were designed and built at .
ANL. Basically, they were Unistrut-framed, Lexan plastic boxes, each fitted with
a relatively - tight-ﬁttmg, gasketed door, Box fentures inclided a specinlly designed
paddle for efficient mixing in the paint-can type primary containers; the paddle
was driven by s gear transmission drive.” A fixed, water-cooled reflux condenser

was meted to a portable spool section that was brought in with the primary cen; '

"this .minimized acid vapor release to the .cell ventilation system (and cell stack).
A pneuma.tically driven shdmg/hftmg platform raised the primary can mto place
for mixing.

(2) Auxiliarz Eguipment

Auxlhary equipment included an a(nd-feed system for slowly
adding waste solution to. the cement during mixing and 10 drying ovens for
dehydrating the cement product, The feed systemt was built around two 11-L
acid-feed reservoirs, each fitted with liquid level probes and an adjustable overflow
_line so that the liquid inventory could be limited to the desired quantity, )

nominally about 2.5 to 3.0 L; ekcess liquid was refurned directly to the waste '

storage tanks in the DDS§ cell Pervistaltic pumps, transferred the acid waste from
the DDS cell up to' the feed tanks in the cement-making cell and metered the
-solution sent to the cement mixing station. Two simple beam balances momtored
~ water removal in the course of the settmg and drying steps.

The drying ovens (product of Sybron/Thermolyne, Dubuque,
. IA, Model No, UV19225) operated from 120-V AC line voltage with a power =
ra,tmg of 350 W. Wach oven was. modified to facilitate remote operation and
repair, The door latch was replaced with one that could be more easily operated
with M/S manipulators; the heating element was mounted in a drawer that could
be essily ‘slid into or out of the oven cabinet while the élement connectors were
© being aligned; and the oven thermostat was removed, temperatuie control being
provided by an out-of—cell controller connected to a thermocouple that was
installed in the oven.’ :
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b. The Waste-Cement-Making Process

- “The process for making the cemented wasie evolved: after a review
of literature, evaluation of waste disposal options, and laboratory formulation
studies. . This process is considered unique in at least two ways: (1) thin-walled
_ateel .cans were used for the disposal of a 10-N acidic (HNO;-HF) solution; and
. (2) the filled cans, after setting, were dried (at 125°C) to reduce the residual

water content so that pressurization due to radiolysis effects would not present a

haza;i‘d.

The several-step process is outlined below.

(1)

(2)

| _'(7)- .
.(si

A weighed cement-water-lime slurry confaining small amounts
of two commercial additives, an anti-slumping agent, and a
set retardant is premiixed in a nominally 1.5-gal steel can
{similar to a paint can}. '

The can (with lid) is transferred into the mixing area of the:
cell by way of the transfer hatch, A specially’ designed can
liffer is.used with the manipulators because the cans have
no bails (a space-saving feature for the packaging step).

A’ spool piece for connecting to the condenser in the mixing
station is placed on the ean, and the can is-placed in the
mixing station and .reised into position for the acid-addition
mixing step. ' : -

A 2.8-L batch of waste solution is tramsferred up from the
waste’ storage tank in the DDS cell to the appropriate hold
tank in the cement-making cell.

"The mixer ls turned on, and the acid feed started. (The

duration of the feading period was reduced from three to
two hours during the course of the waste work-off. A

magnetically held surface thermometer on the side of the can

monitors the tempersture of the mix; temperatures to 80°C

_ were observed.)

After the mixing step, the can is weighed and set aside for
the contents to set, nominally for fthree days.

The can is then weighed again and oven-dried (é,t 125°C).

for four days,

Severa! cans are mccumulated, and subsequently topped-off
with -additional hot mix to incresse the overall weste loading

-per can, (Loading is incremsed ~25% by this step)

The to.ppeé-ciﬁ' cang are &gaiﬁ allowed to set and then given

" a final drying for up to seven days, or until a constant

weight is achieved. -
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Interlocks and other safety features were incorporated to ensure’
safely ‘in carrying out the process, as follows: :

" (1) The platform could not be rmsed unless the door to the
mixing box was fully closed and latched,

(2) A mechanically set restrammg pin was used to lock the
platform in the “up” position; thus, in the event of air
feﬂure, the platform weuld not slide down while mixing was
in progress.

(8) The acid feed pump and heldmg‘tenk outlet valve were
sutomnatically shut off if the mixing motor stopped An
audible alarm was included in this system

(4) A float-type liquid sensor in the drip pan under the acid-

feed pump also halted the acid feed and shut off the pump :

in the event of liquid bulldup due to Ieekege
c. OQerat,l_o_g . .

Actuel cement-mekmg opereﬁxons were started on November 11
1984, “and continued through October 1986. Some 700 I of waste dissolver -
.solutton, prodicing ~230 cane of waste, was disposed of.. In addition, the cement
approach was used to dispose of non-transuranic (TRU) wastes, e.g., Zircaloy hull
residues from the dissolver operations (mixed with cement in a 1:1 weight ratio),

snd a basic aluminum nitrate solution from the analytical cell. For the non-TRU .

‘wastes, the mixing was done by hand (1e w:th the mampuletor and a paddle)
rather tharn in the mixing station.

Operaﬁlons were generally smooth, except for one recurring

problem, namely, .plastic tubing failure, either in ‘the peristaltic pumps or-at end-

fittings. The tubing .apparently. degraded due to the severe conditions, i.e.,
radicactivity plus strong acid. Its failure resulted in leakage, generally requiring .
localized cleanup (tissue mop-ups), which created another small waste stream. In
-fime, & maintenance schedule was established to periodically chenge the pump -

+ . line, but even this precaution did not prevent faliures occurrmg from time fo
fsnne _ . .

S1mple and effeetwe means for dlsposmg of three side waste
streams were devéloped durmg the course of the _cement-making operations,
. Disposal of tissue used in wiping up solutlon spills was first attempted by forcing
-the bulky wads of paper into wet cement in the primary waste cans. This,
proved quite awkward when working with manipulators. The alternative route. -
explored was thermal degradation. DBench  tests showed that tzesues degraded
‘essenitially to a powder at about 140°C. Since our drying ovens had a limit of
about that level, it was a simple task to loosely wad dried tissue info an empty
waste can_in the cell, heat the material for a few hours, and then use this can,
which contained the: degradatlon product and a small amount of essociated nitrate
salts, to prepare a normel can of waste, Thm method preved successful,

Cans used in prepa.rmg the cement -with which other cans were -
topped off accumulated in the cell and represented the second side waste stream
To dispose of these cane, we began preparing the starting cement slurry in-cell
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with ‘these cans. The dry slurry components were brought into the cell in plestic .
pouches, and a water supply for forming the slurry was provided. After some
preliminary “hend” ‘mixing of the slurry in a given cen, the can was installed in
_one of the mixing stations where it was treated as described earlier. All cans

that had accumulated inside the cell during early waste disposal work were
disposed of in this manner. '

. A third side waste-stream was the plastic pouches used in
transferring the slurry components and other .polyvinyl-chloride-plastic waste
material, Agein, the drying ovens.served a useful purpose because the plastic
had a reldatively low melting point. The plastic was loaded into an empty can
and the contents were heated for about two hours, giving a .censolidated, rather
‘high-density mass {much like a cake of wax), readily disposed of as a radioactive, -
b‘itt' non-TRU wasté. No problems were encountered with off-gasses from the
plastic. '

d. Packaging the Waste

- To facilitate disposal of the waste at an away-from-ANL

tepository, a waste package (“package” refers to the item placed in actual storage
at the repository) was designed to meet requirements for TRU waste storage at
the  federal Waste Isolation Pilot Plant (WIPP).  The requirements include use of
two alpha seals, limited (to 7 psig) pressurization potential, and ‘uge of. approved
" containers, Further, for contact-handled waste, radiation levels at the surface of
the package had to read <200 mR/h. Because our primary cans of -waste gave
readings of ~250 R/h, a shielding cask was necessary (seé. below).-

The package included the following:

(1} Two sealed primary cans loaded vertically into a secondary
can (similar 't¢ a paint can), The lid on the secondary can
“serves a5 one of the two alpha seals.

"(2) A steel shielding cesk that i)foviaes 2 snug-fitting cavity for
the loaded secondary cen -and has about 2.6 in., of lead -
shielding. The lid on the cask is bolted but not gasketed.

(3) The outer container, an approved (DOT-I7C) galvanized
5b6-gal drum. : ' - _

IR . Shipment to an interim storage site was necessary because the-
. WIPP hag not been completed; the drums were loaded into Polypanther (trade- .
- mark) overpacks, six to a truck, and are being sent to Rockwell-Hanford, which
.can sfore the waste for up to 25 years: - ' S

B. - -Aga.!y:. tical- Facilities _

Facilities associnted with the ACL and used in the POB project included -
-four laboratories eduipped for general -or specialized analytical chemisiry operations
and an alpha/gamma counting station installed at the.Analytical Hot Cell
. specifically for use with project samples. The laboratory facilities included {1) &
general-purpose leboratory for preparing chemical standards and reagents needed in
" project operations, (2) a Uraninm Purification Laboratory set up for isolating and
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built-in software interlocks to prevent the operator from activating certain critical
process-control states under conditions that could jeopardize the validity of
analytical results obtained for the segment. being dissolved. In a few cases, the
need for additional interlocks during specific operations was not recognized until
after operdtional mishaps had occurred. (See Section V.C.3.b for a discussion of
~ operational mishaps during the dissolutions of LWBR fuel rod segments and
successful recovery actions that were taken to deal with them.) The IPC
programs were subsequently modified as appropriate during the EOL campaign to
. guard against recurrence of each type of problemi that arose. '

Owing fo the graephical displays in the computerized dissolver opera-
tions, the operator could examine the status of system components or monitor the
progress of a particular operation (e.g., heatup or cool down of a dissolver vessel
or BTI) in a straightforward, easy-to-read format. Examples of the P&I diagrams
and plots .that were available for'display are shown in Fig. 16. "Appropriate
displays were called up by the OPRDSx programs during certain autorated
procedure steps; any of the displays could also be called up. by operator command
at the work station terminal, as desired. Data used in the plotting displays were
gtored in special computer files regardless of whether or not the display was
active at the time -the operations portrayed in the plot were carried out. The
data in- these files could be plotted at any time, on command, so that the .

dissolver operator could switch betwéen displays without losing information, or the °

.operations could be reviewed after they were complete,

Data acquired by the computer systemn during each segment dissolution,
including operator sign-off information, alarm messages, and operator comments,
were recoirded in a manner analogous to that used at the FSSF, Detailed
information was recorded in a computerized process log (both computer- file and
printed versions), and selected information was stored in a computerized data
summary file for subsequent use in generating- repoits. Several manual loghooks
were also maintained at the DDS work stations. ‘A manus! operations logbook
was kept for each dissolver station, in which operator comments and actions,
important data, unusual-occurrences, etc., weié noted on a segment basis. A
- separate, general operations log was also kept at the work area to note activities
related fo the entire DDS facility. Specific routine activities were documented in
supplemental logbooks titled according to the activity, e.g., Equipmeni :
Maintenance, Sample Movement, and Fissile Material Inventory. Complets,
redundant records, as provided by this date management system, formed the
foundation for quality essurance within the project. : . :

The OPRDSx procedure for dissolving segments in the DDS dissolver
-systems recognized three types of segment on the basis of the segment identi-
fication number: (1) a fuel-bearing segment, identification number in the range
01 to 17; (2) a plenum segment, number 00; and (3) a dummy segment, number
in the range 91 to 09. Details of the dissolution sequence were aufomatically
: Yariefl by the procedure programs to correspond to the type of segment being
dissolved. o ' ' '

3. .. The DDS Operating ‘ngocedura

The' DDS operating procedure had five major sections: (1) preliminary

equipment checks and installations of equipment items, (2) the two-siage
dissolution of the segment, {3) sampling of the dissolver off-gas, (4) BT
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" operations, and (5) post-dissolution operations, such as recovery of the segment’s
cladding hulls and decontamination of reusable equipment.  All of these operations

were carried out for each fuel-bearing segment.

For plenum

and dummy

segments (i.é., cleanup dissolutions), certain operations were sutomatically -omitted '
or modified by OPRDSx to streamline the procéss; these exceptions are identified

in the appropriste subsections,
section reqiired 30 to 48 h.

~ A complete dissolution for a fuel-bearing rod
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a, Preliminarv Operafions

In preparation for a given dissolution, operations were carried out
to check performance of the equipment and o provide the needed materials; these
operations are discussed below. :

(1) Balance Tests

The in-cell balances o -be used during dissolution of a given
segment were first calibrated with the in-cell standard weights and then
individually tested for linearity, precision, and stability by means of the BALQA
balance-test program [Section III.C.2.c.(1)}. Bach time one of these balances was
specified . for use during subsequent operations, OPRDSx checked the computerized
record of tests performed on the balance and determined the time since.the last -
. successful BALQA test was run, If the prescribed balance had not passed
. BALQA within the previous 48 h, OPRDSx automatically brought up the
BALQA program for the operator to exécute before proceeding with the weighing
operatmns

-In a similar fashion, the short calibration-check program,

- BALCC, was brought up by OPRDSx just prior to each, weighing operation in

" the procedure, even if the requirement on BALQA was satxsfied If the balance
failed the BALCC check, BALQA was, again, brought up aufomatically for the
operator to run as an aid in diagnosing the reason for the failure. These
precautions helped assure the validity of weighing data obtained during each' DDS
operation,

Although the same balance-testing prooedurea were used in .
the FSSF and DD§ {c¢f. Section IV.D.Lb. for tlie FSSF operations), the timing of
the tests and the folerances applied were different for the two fucilities so that
the specific analytical and operational needs of the respectivé use of the balances
could be accommodated. :

2y - W,' eighiﬁg of Sample.Botble v

Another preliminary operaﬁton to each segment dxsso}ution
was the weighing, both outside the cell and inside, of individual empty glass
botiles, used for sempling the dissolver solutions. This was done to establish a
tare value for each sample taken. Prior to weighing, each individua! bottle and
its cap were labeled with the identification code-of the sample for- which it was
to be used; the bottle and cap were weighed together in determmmg the emnpty-
bottle Welght

During the weighing routines, the computer prompied. the
operator to weigh, in triplicate, to the nearest milligram, the approprlate number

of bottles for the type of segment dissolution being performed, i.e., ten bottles for

a fuel-bearing segment, four botiles for a plenum segment, or b6 bottles for a

blank run. The computer called for each bottle on the basis of the identification
codé on its label; such specific prompting by the computer was -made possible by
the standardized- sample nomenclature described in"Section IV.A,

. The OPRDSx routine for weighing the bottles inside the cell
also compared the in-cell weight of each bottle with the out-of-cell weight and
advised the operator concerning the significance of any differences that were
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. detected. This comparison served to check the performance of the in-cell balance,
as well as to reduce the chance that the semple bottles had been mixed up
during one or the other weighirig. The out-of-cell bottle weights were recorded in
a special computer file; the in-cell weights and the differences between the in-cell
and out-of-cell weights were recorded in the dissolution process log and the
dissolver data summary file. . ’ '

(3) Installation of Filter Assembly, Gas-Sampling_Cylinders,
and BT :

For each segment dissolution, we installed fresh auxiliary
components in the dissolver system, including the filter assembly in the solution
transfer line, gas cylinders used ‘to obtain samples of the dissolver off-gas, and a
BT. Before this installation, the OPRDSx program instructed the operator to
select the component predesignated in the FRIF for use with the given segment
and, by reading the HISLOG file,. it verified that the component had been
- appropriately decontaminated and tested for reuse since its last previous use in
. the system, The decontamination procedures for the filter assemblies and BTs
are described in Section IV.E.8.f(1) and (2). If any of the designated
‘components were not verified as ready-io-use, the opérator was able to make &
‘suitable substitution; the substitute component was also checked by the program
to verify its acceptability. When the components were accepted, their identities
" were automatically recorded in the process log and data summery for the segmeént
being processed. The operator was then instructed fo install. the comiponents.

‘ Ingtallation of the BT included weighing of the BT support
assembly, both with and without the tank in place; each weighing was made in -
triplicate. The weight of the complete assembly was stored in the computer for
use in computing net weights of solution in the BT during subsequent operations;
- the difference between the weights with and without the BT was taken as the
weight. of the empty BT itself. The empty BT weight was recorded in the .
process. log, the dissolution data summary, and the HISLOG file for that BT.
The HISLOG record of empty weights for each of the nine reusable BTs served
as a means of monitoring corrosion of the tanks with use; weight changes for the
BTs proved insignificant over the duration of the BOL campaigh, suggesting
" minima] corrosion, Lo ‘

i - o Gas-sampling cylinders were. required only-for dissolutions
involving fuel-bearing segments. -In the case of plenum ‘or blank dissolutions,

where off-gas Was not sampled, the operator was instructed to install a jumper

connector in the off-gas sampling: line in’ place of the gas-sampling cylinders. '

(4) Loading of the Segment into the Dissolver Vessel

T ~ After the insfallations of the components, the operator. was

" prompled by OPRDSx through a check of the helium and ait' supply systems '
. associated with the dissolver system and then was instructed o load the segment
. (in its capped aluminum can) into the dissolver vessel. The operator first

" retrieved the specified segment from the shielded segment-storage aren and

. weighed the segment on the appropriate (ie., 300-g or 2000-g capacity) balance.
The computer compared the result of this weighing with the appropriate full-can
wéight logged during FSSF operations as & means to verify the identity of the
segment. If.the DDS and FSSF weights did not.agree within predetermined
limits (a sifuation that did not arise during actual EOL operations), the operator
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~ was instructed fo double-check the identity of the selected segment and to enter a
comment to the computerized log before proceeding. As an additional quality
assurance (QA) check to verify the identity of the segment before it was
dissolved, the operator was prompted to have the shift supervisor enter the
identity of the segment being prepared for dissolution. - If the supervisor’s entry

. did not agree with the information previously entered to OPRDBSx, the program

' indicated the discrepancy and required an additional entry by the supervisor,
acknowledging that the discrepancy had been resolved. Once the problem had
been solved, operations could proceed. The segment identity, the FSSF and DDS
segment weighits, and the weight difference were automatically written to the
process log and the dissolver data sumhmary file. '

Before the segment was placed in the dissolver, the cap of
the aluminum sample can was punctured with a specially built device. The
* purpose was fo. equalize the pressure when the dissolver vessel was pressurized
and- depressurized during pre-dissolution. operations, This prevented the can from
being deformed and allowed its retrieval, intact, if some mishap that required
drastic action occurred during these preliminary operations. -

: To load the segment, we removed the dissolver cover flange
and instelléd a new flange gasket, The segment was then locked into the )
- tantalum dissolver basket and lowered into the vessel. The vessel was sealed by

bolting the cover flange in place. :

(5) Pre-Dissolution Leak Testing

: - - Once the segment was loaded into the dissolver vessel and
the vessel was sealed, the computer carried out a series of fully automated leak
tests on the dissolver vessel, the BT assembly, the filter assembly, and the off-gas’
‘system, In each test, an appropriate portion of the. dissolver system was either -
pressurized or evacuated, and the pressure was monitored at specified intervals
(usually 5 to 10 seconds).over a preset- period of time, If the pressure changed
by more than & prescribed tolerance during the test, or if the prescribed starting
pressure for the test could not be attained, the computer notified the operator
that o leak wes present and that-the leak should be repaired and the ‘test -
repeated. ; - o '

' ~ The dissolver vessel was pressurized with air- fo 120 psig for
‘the fest and was required to lose 1o more than"2 psig in 15 min to pass the
leak test, The ait from the dissolver vessel was then- trapsferred to the off-gas
‘system and used to pressure-test it. The off-gas system was required to fose no

- more than 1 psig pressure, from a starting pressure of not less than 10 psig,

- during a five-minute recirculation of the gas in the system. The BT and filtey
asserblies were tested under static vacuum at -9 psig or less. The BT assembly
was judged acceptable if its pressuré did not .increase by more.than 0.5 psig in -
five minutes. = The filter-assembly pressure had to increase by not more than

0.5 psig over a two-mintte period to be judged satisfactory, When all the
components had successfully passed their leak tests, dissolution of the segment was
begun. . : _
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b, . Two-Stage Segment Dissolution

Dissolution of each fuel-bearing segment was & two-stage process
in which the segment was subjected to a primary and then a secondary
contacting with dissolvent at elevated pressure and temperature. After each
contacting, the solution in the dissolver was transferred into the BT and the
dissolver vessel was given a special rinse treatment; each rinse solution was also
transferred to the BT. Samples of the solution from the secondary contacting
were faken, during transfer of the solution to the BT, to assess the completeness
of segment dissolution. Gases collected in the dissolver off-gas system during the
primary contacting were also sampled to determine the fission gases that were’

. relemsed by dissolving the segment. -

* In carrying oub these operations, the OPRDSx computer programs
alternated between interactive sequences, in which the DDS operators were
instructed to perform specific manual manipulations, and fully atfomated.
sequences wherein the computer (1) monitored key sensors to evaluate the status
of operations and initiated progressive stages of the process, (2} performed
process-control activities to configure valves, etc., in a manner appropriste to the
operations at hand, and (3) celculated heat and material balances to aid the
operators in tracking progress of the operations and performance of the equipment.
Operating ' conditions and sequences for the primary and secondary dissolutions are
described below; sampling of the dissolver off-ges is discussed in Section IV.E.3.c.

' Three different reagents were used in the DDS operafions:
Thorex reagent (13.6M HNOg, 0.08M HF with Cs and Ce carrlers at 1 pg/ml
concentration); Thorex-Al reagent (identical to Thorex, but containing 0.06M
Alt); and dilute (0.5M) nitric acid used as a rinse solution. The Cs and Ce
carriers in the Thorex reagents prevented adsorptive losses of these fission-product
" elements from the fuel solution. The APt in the Thorex-Al solution complexed
‘the fluotide jon during the secondary dissolution (for which the Thorex-Al reagent-
was used), and thereby inhibited corrosion of the tantalum vessel. The aluminum
from' the segment sample can served the same purpose in the primary dissolution,
where the standard Thorex reagent was employed, : .

o ‘Each reagent was prepared in 50-L batches. by the ACL and was
introduced to the DDS through the reagent-charging station. Each bafch was -
analyzed, at the time it was prepared, to verify its composition and to demon:
strate the absence of significant uranium impurities. = Details of the preparations :
-and analyses are given in Document C-0030-02868 (sece Attachment 1). The ACL
issued & certificate of analysis for each réagesit batch, which listed the results .of
the composition verification, as well as other information: perfinent to the
. traceabllity of the data (see Attachment 2 for examples of these certificates).

(1) Primary Dissolution
» For all primary dissolutions, the segment was contacied with
Thorex reagent at 195°C under 120 psig pressure for four hours; for blank :
‘dissolution runs, the primary dissolution was omitted completely. The volume of
Thorex used: for any given segment was specified in the FRIF and was based on
segment type, weight of fuel material, and experience gained during prior :




.95

dissolutions of similar segments. Thorex volumes ranged from 1.6 to 3.5 L for -
the LWBR fuel rod segments. Upon completion of the primary dissolution, the
solution was transferred to the BT, and the dissolver vessel was rinsed by
refluxing 750 ml of dilute nitric acid for 15 min at 100°CG under 10 psig
pressure. This reflux-rinse solution was.also transferred to the BT, -

In carrying out. the primary dissolution, the QPRDSx pro-

gram first referred to the FRIF to identify the Thorex volume specified for the ' -

segment being dissolved and then instructed the operator to dispense the
appropriate weight (computed using the Thorex density) of Thorex reagent into -
the charging vessel at the réagent-charging station. After the reagent dispensing
.was compléte, the operator was requested to emter the type of reagent (entry
checked to verify ‘“Thorex™), the batch number of the Thorex used; and the
weight of reagent dispensed. Each entry was recorded in the computerized log

and data summary file.

- Upon accepting the reagent identity and quantity, the
computer (1) automatically checked specific sensors to verify that the dissolver
was in proper condition to receive reagent, {2) energized the appropriate process-
_control stite to transfer reagent into the dissolver vessel through the spray ring,
:(8) displayed the appropriate P&I disgram on the graphics terminal, and {4)
pumped the Thorex from the charging station to the dissolver vessel. It then-
‘checked the dome-valve control pressure and air supply pressures, pressurized the
dissolver with 70 psig air, and initiated full cooling water flow to the condenser,
When satisfactory execution of each operation was verified, the operator was
instructed to turn on the heater controls and reset the kilowatt-hour (-kW-h) :
meter for the dissolver system. When the operator acknowledged completion of
these steps, the program began a fully automated héatup procedure. '

For the héatup sequence, the program preset slarm ecriteria
for specific sensors in the system, displayed a real-time plot of temperature vs.
time on the graphics terminal, and then energized the lower-zone (LZ) heaters on
the dissolver, monitoring the kW-h meter to determine whether all heaters were
- functioning and whether adequate heating was available. Abnormally low or
“ inadequate heat flow to the dissolver was called fo' the operator’s attention and
corrective action (e.g., stopping the hestup to allow for operator review) was
automatically taken as required. Omnce proper operation of the LZ heaters was
verified, the' program checked the FRIF to determine whether- the upper-zone (UZ)
~ heaters were required for this dissolution. (The UZ heaters were used for Thorex
volumes of 3.0 L or greater.) If needed, the UZ heaters were automatically
started in a manner analogous to that used for the LZ heaters. © The program
then entered a sensor monitoring-and-display sequence to track progress of the
heatup, When the LZ heater temperature reached a value of 150°C, the operafcr
was instructed to retighten fthe bolts on the dissolver cover flange; this step in

_the procedure was added because small vapor leaks were occasionally found at the

closure gasket during heatup with the early LWBR fuel rod segments. (The
computer -systemn controlled dissolver temperature on the basis of the readings.
from control thermocouples mounted in the heater assembly and.not the actual
internal temperature of the dissolver vessel; the dissolution temperature of 195°C
_corresponded to & heater block temperature of 450°C.)

it
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Heatup of the dissolver vessel was continued until the LZ
heater temperature exceeded 400°C, the UZ heater temperature (if used) was
greater than 375°C, and the dissolver pressure was at least 115 psig, When
these conditions were met, the computer logged the “primary dissolufion start
time” and sutomatically proceeded to the next procedure step. In this step, the
primary dissolution sensors were displayed and updated, keeping the operator
apprised of system temperatures and pressures as well as condenser cooling

parameters such as cooling water flow rate and temperature differential (“delta
T"), After four hours with the dissolver at temperature and pressure, the heaters
were de-energized automatically, and sensor readings were displayed to monitor
“cool down of the vessel. The end time of the primary dissolution, i.e., the heater
cutoff time, was also logged. ‘

When the LZ temperature reached 95°C, the process-control
state that vented the dissolver to the off-gas hold tank was automatically =~ -
energized, and the pressure was allowed to equilibrate. Then, the program twice
repressurized -the dissolver with 120-psig air and vented it to the hold tank to
enhance transfer of the dissolver off-gas to the hold tank, Next, the residual gas
in the distolver freeboard was pumped to the hold tank until the dissolver
pressure reached 0 to 2 psig. . This sequence of steps ensured virtually complete
transfer of the off-gas (including the fission-product gases released during
dissolution) to the hold tank and thereby assured representative sampling of the
gas for the fission-gas determination. ‘

_ The computer next instructed the operator to put the BT
into the “Transfer Weighing Condition’ so that solution could be.transferred from -
the dissolver vessel to the BT. In the Trarsfer Weighing Condition, all BT lines
and cables wers disconnected except for the (flexible) connections t6 the solution-
transfer piping and to the vacuum reservoir system; this allowed for fres
movemsnt of the BT during the subsequent dynamic weighing operation.

When the operator acknowledged that this instruction was
carried out, the piogram proceeded to an automabted solution-transfer sequence in
which the BT was first evacuated and lowered onto the BT balance, the BT tare
weight ‘was recorded, and then the dissolver was vented jo- the cell atmosphere to
transfer the dissolver solution into the BT, The computer monitored the pressure
in the BT and the vacuum reservoir and continued the solution transfer until this
. pressure exceeded -0.5 psig, L.é., until vacuum in the reservoir ‘was exhausted. At
this point, the computer read the BT balance, calculated the weight of solution
transferred into the BT, and compared this weight with a- theoretical solution
weight based on the weight of the canned segment, the weight of Thorex added,
and the estimated weight of cladding hulls that the. segment contained (the hulls
were presumed not to dissolve, although, in actuslity, hull dissclutions to the
extent of 10 to 25% occurred). If the weight of transferred solution accounted.
for st least 98% of the theoretical weight, the transfer was judged complete, and
the percent solution transferred was automatically logged. If the transfer did not
provide at least 98% of the theoretical weight, the program automatically repeated
the transfer sequence after a 15-min delay to allow decey of 220Rn that might .
have accumulated in the vaeuum reservoir tank. Incomplete recovery after the
second try resulted in a prompt to. the operator to investigate the cause of the.
low recovery and take necessary remedial action. -
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After transfer of the dissolver solution to the BT, the
program proceeded directly to reflux rinsing of the dissolver vessel, which was
done in a manner completely analogous to the contacting with Thorex The
operator was instructed to dispense the appropriafe weight 5759 g) of nitric acid
* rinse solution; the identity, batch number, and weight of solution were logged; the
reagent was automatically charged to the ' dissolver through the spray ring; &nd
then a fully automated heatup, refluxing (lasting 15 min), and cool down of the
vessel were executed. The rinse solution, once cooled, was also transferred
a.utomatlcally to the BT as described above for the d;ssolver golution, Tn the
¢ase of the rinee solution, the theoretical solufion weight for the material balance
Zalcuila,tlons included only the weight of rinse solution that had been added to the

isgolver

The next step in the operating procedure depended on the
type of segruent being dissolved. For fuel-bearing- segments, the operating
program continued to the sampling of the collected off-gas {Section IV.E.3.c). and
then fo the secondary dissclution. For plenum segments, the off:gas was not
sampled and the second dissolution was omitted, so that the program branched
off to the cold rinse of the dissolver vessel as descrlbed below, at the end of the
secondary dissolution ;sequence.

{2 ,Secondgm Dissolition

: For the secondary dissolution, one liter (about 1370 g) of
Thorex-Al reagent was added to the dissolver vessel through the dissolver drain
line (as opposed to through the internal spray ring) in such a way that the filter
in the solution-transfer line was backflushed. This backflushing carried
undissolved fuel particles from the filter back to ‘the dissolver vessel.

The secondary . dissolution occurred under the same conditions

as the primary. dissolution but was maintained af pressure and temperature for

- three hours rather than four. Following the secondary dissolution cool down, just
prior to the transfer of the dissolver solution, the computer prompted the operator
to prepare for sampling the solution. The operator was instructed to connect a
clean, new, disposable sampling line to the sampling port on the solution transfer
system and to obtain the two sample bottles designated for secondary dissolution
samples. The automated solution transfer was then begun but was automatically
interrupted when 500 g of solution (v40% of the fotal) had been transferred to
"the BT. At this point, the operator was prompted to obtain samples of the

dissolver solution and to-weigh the full sample bottles, and the computer recorded

the bottle weights, The compuier then calculated the net weight of solution in
each bottle, recorded this information, and completed the solution transfer, In’ .
calculating the percent of the sscondary dissolution solution that was recovered in
the transfer to the BT, the OPRDSx program included the sum of the nef
solution weights in each sample as part of the recovered solutlon. Secondary -
dissolution- samples were not taken for plenum or blank dissolutions.

The above transfer was followed by a 200-mL (hot) reﬂux
‘rxnse with dilute nitric acid .and a 250-mL cold rinse; in the latter case, the rinse
solution was added to the dissolver vessel through the spray ring and then
transferred to the BT without having been heated. At this point, all primary
"and secondary solutions were present in. the BT.
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c.  Sampling of Dissolver Off-Gas
The off-gas collected during dissolution of each fuel-bearing

segment was sampled to determine its fission gas content; other selected -
components (e.g., NOy, H,;) were also measured. Off-gas from the dissolution of .
segments from rod R, the last rod to be processed in 'the campaign, was not
sampled, owing to difficulties with the gas-handling eguipment in the DDS hot
cell. As a result of frequent failure of the metal-bellows pumps used to transfer
and recirculate dissolver off-gas during DDS operations [either through fatigue of - -
the metal betlows or failure of the pump motors), the inventory of spare pumps
and spare parts for the pumps was depleted when a failure occurred diring. -
processing of rod Q. -This failure prompted the installation of a lighter-duty
pump,- which performed adequately for gas transfers but had trouble recirculating
the gas to mix it prior to sampling. Procurement of parts to repair the heavy-
duty pump was ruled out because of the long delivery time quoted on the parts
and the short. time until the end of the campaign. Because of concern that the
light-duty pump might fail under the load of gas recirculation and leave the DDS
operations without any .gas-handling capabilities, ANL asked that BAPL waive its
request for sampling and analysis of the off-gas from dissolution of the rod R
segments; BAPL acceded to this reguest., oo .

. ' . i
. In general, samples were taken only of the gas from the primary
_ dissolution, in which the bulk (80 to $9%) of the segment fuel was dissolved.
Earlier experiences showed that the fission-gas conteni of the secondary dissolution
off-gas represented a negligible fraction of that obtained from the primary and did
not merit the effort and cost of its measurement., Before sampling, the gas
collected in the off-gas system was thoroughly mixed by recirculating the gas

through & closed piping loop that included the off-ges hold tank. -

The gas recirculation’ was automatically initiated by OPRDEx
when the operator acknowledged acceptance of the results from the steps just
prior to this part of the procedure, i.., the reflux-rinse solution transfer at the
end of the primary dissolution. " The gas in the off-gas system was first
recirculated through the ~60-L in-cell portion .of the loop for 30 min at a
25-L/min flow rate and then was diverted through the sample cylinders atfached
at the cut-of-cell gas-sampling station. Recirculation was continued for a period
of 5 min at a flow rate of 20 L/mjn to flush and fill the cylinders, The two
sample cylinders were then isolated, closed, removed from the sampling system, -
and submitted for analysis. Dafa pertinent to subsequent calculations of results
of the snalyses, e.g., the pressure in and temperature of the off-gas hold tank at
the time of sampling, were automatically recorded in the process log.and the
dissolver data summary file,” :

, The gas thet remained in the system was slowly vented to the-
cell air-axhaust system: to be diluted with cell zir and released to the cell “exhaust
stack. In carrying out this venting, OPRDSx first displayed the P&I diagram for
the off-gas.éystem, energized the appropriate process-confrol state to vent the off-
gas hold tank, logged the time as the start time for off-gas release, and
‘monitored the change in hold-tank pressure as a function of fime. The operator
was instructed to. adjust, as required, the metering valve that controlled the rate
of venting to maintain an appropristely low rate of release, When the hold tank .
‘pressure reached 1 psig {usually & period of about 2 h), the end time for off-gas
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relesse was automatically logged. Off-gas roleases in the DDS were also
mqnitored on the radiation-monitoring system for the exhaust stack.

Except for its not being sampled, dissolver off-gas collectéd during
. the secondary dissolution or during dissolution of a plenum segment was treated
" in identical fashion to that just described,

d. Blend Tank Operatlon

' The next major section of the OPRDSx proeedure dealt with
we:ghmg, blending, and sampling of the solution in the BT. The solution and
rinses accumulated in the BT were blended to provide s homogeneous solution,
sampled, spiked with a known amount of NBS 050s standard reference material,
and sampled again, The BT assembly and the solution samples were weighed to

-obtain’ data required for subsequent analytical calculations and to momtor the
‘material balance during ea,ch BT operation. -

For each weighing, the BT assembly was first put in the
“Standard Weighing Condition” by disconnecting all .attached lines, cables, etc.,
and verifying that it was free of extraneous objects. In this condition, the-
measured assembly weight could be compared directly to the assembly tare
obtained earlier [Sectlon IV.E.3.2. (3)] |
i
‘ The four maaor BT operat:ons are descrlbed below, in the order
in which they were carried out,

(1) Blending and Sampling of Unspiked Solution

Upon acceptance by the. operator of the computer-calcuiated
materidl -balance, after transfer of the final (cold) rinse that followed the
secondary dissolution, OPRDSx ‘proceeded directly into the BT operations, which
started with. an initial weighing of the unepiked, uninixed, unsampled (UUU)
solution, The assembly was then automatically weighed in tmphcate to the
nearest gram, ‘The automated sequence of operations included raising and
lowering the assembly off of -and onto the balance for sach weighing by mieans of
air-powered pistons on the BT support structure, reading the balance, avetaging
the results, calculating a net solution weight by subtractmg the BT assembly tare
weight, and displaying the individual weight values for operator acceptance,
When accepted by the operator, all the- welghlng data were logged automatmally

Next, the solution in the BT was mixed by stirring if for
30 min with the integral stxrrer built into the BT assembly The OPRDSx: pro-
gram prompted the operator through the steps involved in connecting appropriate
hoses to the BT, coupling the stirrer to the stirver motor, and initiating the
mixing operaﬁmn During the mn:mg step, the program monitored and - displayed
the elapseds mixing time, remaining m:xmg timeé, vacuum-reservoir pressure and
‘pressure-increase rate, and the pressure in the BT. "Any off-normal sensor
readings caused an alarm message to be dxsplayed which instructed the operator
to take remedial action. During the mixing step, a slow flow of cell air was
drawn through the BT headspace into the vacuum reservoir tank to allow for
decay of Rn that emanated from the solution. This precaution prevented this
‘gaseous, alpha-emitting radionuclide from being released fo the cell atmosphere.
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At the end of the mixing period, the BT assembly was
automatically weighed to provide a weight of the unspiked, mixed, unsampled .
(UMU) BT solution. The OPRDSx program caleulated this solution weight from
the: UMU assembly weight and the assembly tate and also calculated the weight
of solution lost (as vapor) from the BT during mixing by subtracting the UMU
solution weight from the UUU solution weight recorded ecarlier, Generally, the
weight loss on mixing was smaller than could be determined with the BT balance
(i.e., less than 1 g). All the measured data and caleulated weights were
displayed for operator acceptance and logged, The UMU weight of solutien in
the BT was taken, in subséquent analytical calculations, to be the most

i

representative ‘'weight of solution in the unspiked BT.

: " In the next step, samples of the UMU BT solution were
withdrawn for measuring the isotopic composition of uranium in the segment and
assaying the segment for fission-product monitors (1*7C¢, **Ce, and %Zr). Four
separate samples of the solution were taken in the case of fuel-bearing or plenum
segments; only two were taken for blank runs. : '

© . In sempling the BT solution, the operator was first
prompted to obtain the preweighed sample bottles designated for the unspiked BT
(UB) samples and to install a new, clean, disposable sampling; assembly in the '
BT wolution-sampling system. In addition, & new, clean, disposable, polyethylene
sleeve was placed in the orifice of the gate-type access valve on the BT to
prevent contamination of the valve’s internal surfaces by droplets of solution that
might adhere to the in-tank portion of the sampling line when the line was lafer
removed from the tank. The operator was then prompted to start the BT mixer
{the solution was stirred continuously during sampling) and obtain the appropriate
number -of samples, each about-25 mL. :

. " After the samples were taken, OPRDSx prompted the
_ operator to remove and discard (to waste) the sampling assembly and
polyethylenie sleeve and to cap and weigh the individual semple.botiles, The
bottle weighings were made in.triplicate to the nearest 0.001 g From the
“weighing data, the computer calculated a net solution weight for each sample,
using the previously recorded tere for each sample bottle. Next, the BT assembly
was automatically weighed as before, The net weight of solution in the BT wes
. caleulated and recorded as the weight of the unspiked,” mixed, sampled (UMS) BT
golution. The computer also calculated the weight of solution lost during
sampling by comparing the UMU solution weight with the sum of the UMS
solution weight and the net weights of solution in the several sample bottles.
. This.-lost solution, -ususlly attributable to the small droplets of liquid that adhered
to the inside of the tubing in thé discarded sampling assembly, generally ’
amountéd to 2 g or less. All the information from these weighings and
. calculations was displayed for operator acceptance-and, onée accepted, logged. -
.Tliie program. then proceeded to the next BT operation, spiking of the BT
" solution. i :

(2) Spiking of the Blend. Tank Solution

: . . The BT solution that contained each fuel-bearing segment
was spiked in a manner that ensured verifiable transfer of the spiké into the BT,

complete spike. dissolution, and thorongh homogenization and.isotopic equilibration

of spike and segment uranium in the solution. The BT spiking operatione were




101

automat:ca.lly omltted from the DDS procedure for plenum dlsselutlons and blank
runs because the uranium content -of the BT solution was small in these cases
and did not need to be determmed with high precision and accuracy

The splke added to the BT solution was an ‘accurately
- wexghed qua.ntxty of NBS Standard Sa.mple 9502 (a nafural uranium asssy -
" standard in the form of U04), contained in a sealed nickel capsule. For QA
purposes, the preparation, storage, and digpensing of the spikes followed strict:
guidelines, The spikes were prepared in batches by the ACL aceordmg to the
procedure in Document C-0080-289 (Attachment 1) and were stored in labeled;
closed glass botiles in a locked cabinet in one of the ACL laboratories, At the
onset of DDS operations with segments from & given fuel.rod, the group of spikes
des1gnated for use with that rod was trensfexred to the DDS task leader and
stored in a safe in .the DDS work area.

Each fuel-bearmg segment to be dxssolved in the DDB was
. assigned a particular spike by means of an entry in the FRIF. Two sizes of
NBS 950a spike were used for the EOL campaign with the aim of kesping the
spike/sample ratio for most segments within the optxmum 1:5 to 5:1 range for
subsequent mass spectrometric measurements on uranium in the spiked BT golu- |
. tiom: oné size contained & nominal weight of U04 eqmv&lent ‘to 1 g of uranium
and the other, a nominal weight equwa.lent to 3 g of uranium. The 1-g spikes
were used for segments having a uranium loading of less than 2.5 g, and the 3-g
‘spikes were used for segments containing more than 2.5 g of uranium.

. In executmg the BT spiking operatxons, the OPRDSx
program first retrieved, from the FRIF, the spike identification asslgned to the
segment being processed and directed the operator to obtain the aspike from the
shift supervisor and transfer it into the cell enclosure, Nexf, the operator was
prompted to weigh the spike, including the betile that held 11: to verify the spike
identity, The computer compared this spike weight with a correspondmg weight
recorded in a computer file at the time the spike was prepared by the ACL. If
the weights- agreed within preset limits, the program-proceeded to the next step.
Otherwise, the operator was required to resolve the discrepancy and repent the
weighing before the program would contmue

Once the spike identity was verlfied the opera.tor was

' prompted to charge the spike to the BT by gently “pourmg” the ‘nickel -capsule .
into the (funnel-shaped) opening of the BT access valve, Thig method of .
addition of the spike avoided touching the spike capsule with possxbly
contaminated M/S manipulator fingers and thereby contaminating the BT solution
with extraneous uranium. The operator verified that the spike had passed ...
through the access valve and into the tank by visual inspection of the orifice,
using a mirror posztloned over the.valve, and also verified that. the BT balance .
had registered a weight increase upon addition of the 5p1ke

" Next, the BT mixer was started and s - slow flow of cell air .

through the BT hea.dspace was established by -a procédure analogous to that
described for mixing of the unspjked BT solution. The program next proceeded
to a BT heatup sequence wherein the BT solution temperature, vacuum-reservoir
pressure, BT pressure, and BT external temperatire were read and displayed

every 30 5. The computer also momtored the solution heatiip rate and the rate -

of pressure increase in the vacuum reservoir and prompted. the operator to make
a,pproprmte adjustments if these rates were outsnde preset tolerances.
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: ~ The heatup sequence continued until the solution temperature
reached 95°C, et which time the program initiated the *‘spike dissolution”
routine. = The start time of the spike dissoliition was recorded, and the solution
temperature was held between 95 and- 105°C for 60 min: Monitoring of
appropriate temperatures, pressures, and rates of change continued through the
‘dissolution routine, and messages to the operator calling for appropriate
adjustments of the heating rate or air flow were displayed as required. When 60
min at temperature had elapsed, the spike-dissolution end time was automatically
logi g,@,%‘@nxf the operstor was prompted to turn off the BT heater and mikxer and
to place the BT assembly in the standard: weighing condition.

The BT sssembly was then weighed automatically as
previously described; the neét solution weight obtained from these weighings was
recorded as the spiked, mixed, unsampled (SMU) BT solution weight. The SMU
golution weight was then used, with the UMS weight determined previously, to
calcitlate a value for any loss of weight during the spike dissolution. All of the
weighing date was displayed for operator acceptance and.logged. Weight loss
during spiking of the BT generally amounted to a few (less than ten) grams and
was attributable to evaporation of the hot solution. When the SMU weight data
w%'e aiccepted by the operator, the program proceeded to sampling of the spiked
‘BT solution. ’

. ' To make efficient use of operator time during the BT
operations, the spiked BT solution was not cooled prior to being sampled.
‘Cooling the solution at this point in the procedure would have required _

- connecting cables and fittings to the BT and then disconnecting them to regain
the.standard weighing condition. When performed with M/S manipulators, sich

- operations are time-consuming. Sampling the solution” while it was still warm-
entailed no significant disadvantages, althotgh the solution: weights obtained may
not have been as reliable as if the solution were cooled first, because of larger
vapor losses taking place, The weights of the spiked BT solution and solution
samples’ afe of operational interest only and are irrelevant to subsequent analytical
calculations (see Section V.E}; thus, they did not need fo ‘be determined as - .
dccurately as, for example, the corresponding data on the unspiked BT solution,

: Four separate samples of the spiked BT solution were
waighed by a procedure analogous: to that followed during sampling of the
unspiked BT solution, The net weight of solution in.the BT after removal of the
samples--designated the spiked, mixed, sampled {SMS) BT solution weight--was
added by the computer to the sum of the net solution weights for the spiked BT
s6lution sariples and was automstically compared with the, SMU solution weight
to give a value for the solution lost during sampling the spiked BT. In-general,
this caloulated weight. loss (in the range 2 to 5 g) was somewhat larger than that
found for sampling the unspiked BT, probably as a result of evaporation of the
 warm solution. All of the weight data obtained during the spiked BT sampling
were displayed for operator acceptance and logged in appropriste computer and
hardecopy files. o - o

{4) - Trensfer of Blend Tank Sojution to Waste" Storage Tank -

_ When- the foregoing operations had been completed, OPRDSx
prompted the operator to initiate cooling of the BT solution and then proceeded .
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to direct the operator through.s series of post-dissolution operations (described in
the next subsection) while the solution cooled. When the BT solution
temperature reached 60°C: or less, the operator was prompted to tilt the BT by
means of the stanchion support mechanism and to implemient transfer of the

. solution to the waste-storage tank designated in the FRIF for the given segment,
This transfer was made by pumping the solution out of the BT through a
portable plastic drain line inserted through the BT access valve: Tilting the BT
while it was being drained resulted in the removal of all but a few grams of
solution from the tank, Following computer prompts, the operator then rinsed
the BT with 200 g of dilute nitric acid and transferred thie rinse solution to the
same waste tank., After the rinse solution was removed, the BT was
sutomatically weighed, and the welght of solution remaining in the BT was
calculated as the difference betwesn this weight and the empty BT weight
recorded at the beginning of the dissolution. If the remalining solution weight
exceeded 20 g, thé program automatically repeated the prompis that directed
draining of the tank. This requivement was included in the procedure because
large amounts of fuel-bearing soliution leff in the BT at this point hampered the
effectivencss of subsequent BT decontamination procedures. During these '
opéerations, the computer monitored and recorded readings from the waste-tank
“level probes, ss well as documented the weighing data and other pertinent :
. information such as reagent batch number and weight of the rimse reagent. The |
empty, but still contaminated, BT was set aside for later decontamination [Section.
IV.E.3.£.(1}] at a convenient time in the DDS operations ‘schedule, i

e, Post~Dissolution Operations

: TFollowing completion of the BT operations in each dissolver rum,
the operator was prompted through s seriés of operations to restore the :
equipment and work areas to a condition appropriate for beginning the next run.
These¢ operations are listed below, -with a brief description of the purpose of each.

(1) Flushing the Off-Gas Hold Tank

The off-gas hold tank was flushed with air (80 min at a
flow rate of b to 10 L/min} to displace off-gas components from the run just
completed, - .

. (2) Inventory of Undissolved Cladding Hulls

. To cross-check the identity of the segment charged to the .
dissolver- and to obtain information regarding the extent of dissolution of the
segment cladding, we made an inventory of the undissolved cladding hulls, as
follows. The dissolver vessel was opened, the fuel basket was removed, and the
cladding hulls remaining in the basket were individually inspected and counted
and then weighed as & group. The computer compared the hull count with' the
number of hulls that would be expected, based on the number of cuts made in
shearing the segment. A recount was done if the numbers disagreed. If the
discrepancy persisted, the operator was required to enter any observations made

" . during the counting. The DDS operators counted only hulls that were recovered

intact and did not attempt to piece together hulls that might have been
recovered as fragments. In general, discrepancies between the number of hulls
expected. and recovered .were explained by the presence of cladding fragments
smong the hulls. .
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o The OPRDSx. program celculated an estimats of the welght
of cledding that had dissolved, using the meesured hull weight and the cladding- -
weight estimate, as found: in the FRIF, for the appropriate segment.

(3) Removal of the Filter-Housing Assernbly

. e The filter-housing assembly was removed from the solution-

transfer system, and its end-fittings were capped to avoid spreading residual
solution while the housing was being transferred to the in-tell maintenance area.
The assembly was subsequently decontaminated and disposable components were
replaced to prepare it for reuse in the dissolver system.

(4) Treatment of Disc i emblies

Discarded  sampling assemblies ‘were rinsed with distilled
water to reduce residual levels of radioactivity and were cut into small pieces to
reduce the volume they occupied in the waste containers that would be '
transferred out of the cell. This treatment reduced radintion levels at the surface
of the containers and inereased the payload, which in turn veduced disposal cost. -

) The rinse. solution was concéntrated by evaporation in a
heated vessel; periodically, the concentrate  was added. to the liquid-waste storage
tanks for disposal with other liquid residues from the DDS operations,

(5) Check for Liquid in the Off- Hold Ta

‘ A sampling bottle was placed under the. drain line for the
© off-gas hold tank, and the drain wes opened to check for liquid thet might have
accumulated in the off-gas system. Such liquid could arise from solution droplets
" entrained with the dissolver offsgas or from vapor that condensed in the tank.
This check was performed roufinely, in ‘the enrly portion of the WOL campaign,
but was discontinued .after processing of segments from several rods showed that
 no liquid accumulsted in the hold tank under normal econditions. It was

reinstited as a routine operation after a mishap with s later segment (3-03)
showed that, under certain conditions, -dissolver solution could be carried info the
off-gas system without the operator being aware of it If liquid was found in the
off-gas hold tenk, it was submitted.for analysis, and appropriate actions.were ‘
‘taken to recover any fuel maferial associated with it to account for this fuel in
" the segment- assays.. - ' ' '

. {6) General Housekeeping

: : .Genetal housekeeping was performed to ensure that all work-
ares tools were returned to their designated storage locations, and that the work
aren was clean snd free of unnecdssary clutter. As part of this. effort, the
stainless-steel drip pan under the dissolver control-valve bank was rinsed with
dilute nitric acid and wiped' down to- minimize accumulation of fuel material on
the tray surfaces. . Because of this cleaning after each dissolver run, solution that -
collected in the tray from leaking valves or transfer.lines could be recovered
without fear of gross contamination-of the recovered solution by extrancous fuel
.material from previous runs. Such leakage oceurred .on geveral occasions during
the BOL campaign but wes successfully dealt with in every case (see Section
V.C.3.b), pertially due to the good housekeeping practiced in the cell. work areas.’
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{, Décontgminé.ﬁion of Reussble Dissolver C.om‘ ponents

Wherever practical, small equipment iterns ‘used in analytically

- sensitive operations (e.g., sample bottles, sampling lines) were used once and

* discarded to prevent cross-coritamination of fuel material or -samples from one
segment with those from another. However, economic considerations reguired that
individual components be decontaminsted and reused for three kinds of items:
the BTs, the filter housings for the solution transfer system, and the gas-sampling
cylinders. This section outlines the decontamination procedures employed for each
type of item,

(1) Blend-Tank Decontamination

S”pecial‘care was taken to remove residual fuel solution from .

each BT between uses and fo ensure that the tank was thoroughly dry before
teuse. These precautions were necessary to prevent contamination of the BT
selution from one segment with fuel from another and to ensure a valid net
weight .for the solution collected in the BT during a given segment dissolution,
"(If liquid is present i the “empty” BT when its tare weight is determined, the
net weight of solution in the tank, as determined by subtracting the tare from a
subsequent assembly weight, will be lower than the actual solution weight by the
.amount of this extraneous liquid.): '
[ .
| - -

S To achieve these conditions, each BT was taken through a
decontamination procedure that included two separate refluxes of dilute nifric acid
in the tank ‘and & drying step wherein the tank was heated while being flushed
with a stream of air to displace vapor in the tank. The decontamination
procedure was carried out under comirol of a subsection of the OPRDSx program.
This subsection eould be inifiated as part of the post-dissojution operations that
immediately followed dissolution of a given segment or could bé run separptely at
a later time, If run separately, the procedure was trested as a continuation of
the OPRDSx run for the segment dissolution for which the BT was last used.
" Thus, records related fo the BT decontamination were kept together with records
of other data from that segment dissolution, ' .

For each reflux rinse of the BT, 250 mL of dilute nitric
acid was charged to the tank, heated. to 95°C, cooled to 70°C, and removed by

means, of the BT sampling system (with clean, new sampling assemblies sized to .

fit appropriate sample bottles). - The first rinse solution was discarded to the
waste-evaporation vessel, while the second one was collected in a new, clean
sample bottle and submitted for anslysis. The BT was dried by heating to an
internal temperature of 120°C under a conirolled air flow for 30 min. The dried

BT was cooled, weighed, and placed in storagé pending the results of analysis of
the second ringe solution, ' The dry BT weight was automatically compared with .
_ the empty BT weight recorded at the beginning of the dissolver-operdtions.” The -

weight efter decontarnination had to be less than the recorded empty weight plus
2 g or the OPRDSx program directed ‘the operator to repeat the drying-step or-
take other remedial mction as appropriate. If the dry BT weight was acceptable,
the weight was logged in the segment dissolution data records and in the
HISLOG file for the BT. -

' . 'The second reflux rinse solution was nna.lyzéd' for total
. uranium as described in Section IV.F.1. For decontamination of the BT tfo be
judged satisfactory, uranium in the rinse solution had to fall bel_pw-wo 7.0
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value that pre-EOL testing had shown to correspond fo a residual level of 10 pg
or less uranium in the BT. This quantity of residual uranium, in durn,
.corresponded to an amount of fuel in the BT that would have a negligible impact
on the composifion of fuels from other segments subsequently collected in the BT.
_ The results of analysis of the individual BT rinses were reporied by the ACL fo

the DDS supervisor, who entered them into the HISLOG files for each BT. If
the results indicated satisfactory decontamination, the supervisor elso entered a
code indicating approval for reuse of the fank. = . I

- {2) contaminati tilter-Housing Assermbli

In -spite of -the difficulty associated with handling small parts
with M/8 manipulstors, filter-housing assemblies that became contaminated during
dissolver operations had to be decontaminated remotely beceuse of a buildup of
1265, 9Nb, and other easily hydrolyzable, gamma-emitting nuclides on the
internal metal surfaces of the housings. - The mechanism for this buildup has not
been identified, but testing early in the BOL campaign indicated that the
radioactivity on the metal surfaces could not be removed without drastic chemical
cleaning, sufficlent to -efch the surfaces. ‘

' Bach contaminated housing was disassémbled at the general-
purpose work aren of the DDS cell. Special jigs and wrenches fabricated for this
purpose, were used, ‘The' prefilter and membrane filter from each unit was
removed and placed 'in a labeled, covered plastic Petri dish, and the radioactivity
of the filter media wes measured with the portable in-cell radiation probe.-
Individusl filters generally read between 20 and 100 R/h at 4 in. On the basis
of gamma-counting data obtained for some of the more-active specimens, activity
on the filters was due primarily to 1258h, with lesser contributions from %Nb, and

" only minor contributions from the fission products that were of interest in our
work (i€, 7Cs and *4Ce). The individual sets of filter media were stored in a
‘shielded container within the cell and were disposed of at the end of the
campaign by incorporating them into the cement that contained the liquid
dissolver residues, ‘ : ) :

. The metal housing of each filter assembly was visually
inspected for the presence of undissolved fuel particles (none was ever found
during the. campaign) and thoroughly rinsed with dilute nitric acid. The rinee
solutions were collected and their volume reduced 'in the waste-evaporation vessol
for periodic-addition to tlie waste-storage tanks. '

o -~ Nex#, clean, new filter media and O-rings were installed in
each housing, and the unit was then reassembled. Each assembly was. then -
pressure-tested by attaching it to the pressure manifold installed at the work
station for this purpose and préssurizing the munifold to 120 psig. To pass the
-test, the assembly had to lose no more than 1 psig over a l-min period. When
an assembly was judged satisfactory, it was .removed from the manifold, its ends
" . were capped, and it was placed in a storage area designated for decontaminated
filter-housing sssemblies. The operator entered into the HISLOG.file for each .
- assembly the information pertinent to the decontamination, including the radiation-
" monitor reading .obtained for the used filter media. .
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{8} Purging of G&g:ngp ing —C'xlinders ’

After the gas in each sampling cylinder had been a.na.lymed
the cylinders were returned from the AGL ‘to the DDS and copnected to the off-
gas sampling station. *Bach cylinder was then purged of residual sample: gas by
flushing with compressed air for 5 min, Affer the purging .operation, the operator
entered the date of .purging and his or her identity into the HISLOG files for the
appropriate cylinders. The cyhnders were then ready for reuse.

4, Data, Sﬁm mary_and Management Review of Segmen‘t Dia’goluﬁon

After DDS operations for any given segment, the data -were processed
with a stand-alone repori:-generatxon program, which produced .a dissolution’ data
summary as illustrated in Fig, 17. This program read the FRIF for the rod
from which the segment was sheared and the summary data file generated during
DDS operatlons with the segment calculated results from the various measured
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parameters, and wrote the results to a new file in a format appropriate for
management review. As Fig. 17 shows, the summiery has seven major paris:
(1) data that characterize the segment and codes thet identify equipment and
materials used in dissolution, (2)-data pertinent fo the primary dissolution
‘sequence, (3) a similar listing for the secondary dissolution, (4) data related to
the off-gas sampling operations, (5] data regarding the -racovered cladding hulls
and extent of cladding dissolution, (8) sample bottle weights, and (7) weights
obtained during BT operations. The ifems included in each section of the
summary are self-explanatory and will therefore not be discugsed individually.

_ The dissolution date summary for each segment was reviewed by the
DDS task leader, the project principal analyst, and the project manager to ensure
‘completeness of the date listings and to identify any operational or processing
~ deviations that might have been indicated by the data. Oumissions of
inconsistencies were dealt with on a case-by-cese basis. In general, missing daia
. were retrieved by the DDS tesk leader from the hardeopy process log or from the
manual loghook maintained at each dissolver work station, dnd were added to the .
dissolver date summary file by means of a special date-entry program. This
program not only wrote the new information to the summary file, but also noted
in the file that it- had been edited, and indicated the identity of the editor and
the date. -If the new data replaced previous enfries that were judged fo be in
error during the post-dissolution review, both ‘the old and new informsation were
retained. in the summary data file, although the program that formatted the data
' to produce the dissolution dats summary uséd only the most-recent entry “in
producing the report, This system for reviewing data from the segment
dissolutions provided needed flexibility in the handling of the computerized date
records and, at the same time, muintained strict tracesbility of the recorded
‘information for QA purposes. . .

b, i OTALE O b

To eatisfy the project requirement for taking and retaining samples of
fuel solution for each segment, half of the samples of each solution type [ie,, -
secondary dissolution (D8), unspiked BT (UB), and spiked BT (SB)] were placed
in archive storage; while the other half were transferred from the DDS to the
Analytical Hot Cell for chemical and radiometric analysis. Specific samples of
each type wére designated for each purpose. From the two DS samples obtained
"' for fuel-bearing segments, the first (the DS-1) sample was archived, and the
second (the DS-2) was. submitted for analysis. We reasoned that the DS-2
sample was less prone to contamination, since taking of the DS8-1 sample rinsed
the solution trensfer-system sampling port, and would provide & more. '
representative prirary analysis of the secondary digsolution. Among the four
saroples obtained from each type of BT. solution, the first and last (i.e., UB-1
and UB-4 or §B-]1 and SB-4) were analyzed and the middle two (i, UB-2 and
UB-3 or SB:2 and SB-3) were archived. Duplicate samples of enc BT solufion
were analyzed to assess sampling errors arising from inhomogeneity of the BT
solution. Becaiise the BT solution was continuously mixed during sampling, we
expected that such inhomogeneity would have its greatest impact on 2 comparison
between the first and last samples taken. These were, therefore, the samples we
selected for immediate analysis. Moreover, the pair of archives samples and pair
of. analytical samples selected in .this way were both symmetrically taken about
- the mpidpoint of the sampling operations and shared a comimon average sampling
_ time with the entire group of four .samples. AS a consequence, -the average of
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each analytical result obisined for one pair was expected to be comparable to-
that of the other pair and to that of the whole group. )

To aid the DDS operators in selecting individual samples for transfer
to storage or to the Analytical Hot Cell, différent-colored labels were used for the
bottles, Labels on the archives samples were yellow, the other white.

The archives samples were placed in special bottle holders inside
‘sealable 85 cans of the type used with the can-out intercel] transfer system.
Each can held 12 bottles, and when full, it was transfetred to one of the shielded
storage tubes located in the floor of the corridor adjacent to the DDS cell.
Detailed records were. kept with regard to thé identity of the botiles in each cen
and the location of each can in fhe storage tubes so that individual bottles could
- be readily retrieved if required. Approximately 800 bottles. containing archives
solution samples were accumulated- during the EOL campaign.

F.  Anslytical Operations

Operations performed by the ACL on behalf of the LWBR-POB project
included (1) preparation of reagents and standards for the DDS operations and
(2) analysis of solution and gas samples from operations in the FSSF and DDS.
Hach step in these. analytical operstions was; performed in accord with a written
or- computerized procedure that guided a qualified analyst through appropriate
preparative chemistry or measurement methodology. A listing of the written
procedures employed in these operations is presented in Attachment 1.

Preparation of reagents (Thorex, Thorex-Al, and ‘dilute nitric acid rinse) for
use in the DDS was described in Section IV.E.3.b., and the NBS 050a spikes
prepared for addition to the dissolver blend-tank solutions were described in
Section IV.E.3.d4.2, In the following sections, we summarize the procedures that
were employed in analyzing the dissolver-solution samples and briefly describe the
_ analysis of gas samples by mass spectrometry.

8. Overview

. Selected solution samples obtained during dissolution of each
segment were ‘transferred from the dissolver cell to the Analytical Hot Cell by
means of the radio-controlled MULE. When the set of samples from & given
segment was transforved, .a computer file, designated the DDS information file or
DDSIF, was automatically generated in the project computer system. This file
. simmarized date pertinent to each solution-sample as recorded during the
segment dissolution; including (1) the full and empty weights of ehch sample
bottle {samples submitted for analysis as well as those placed in archive storage
were listed), (2) the wéight of solutiop contairied in the unspiked blend fank
(UBT) for the spécified segment, and (8) estimates of the total oxide weight and
total uranium .loading of the dissolved segment as provided by BAPL in the
shearing plan for the correspinding fuel rod. The date in the DDSIF were used
by compufer programs that, controlled subsequent aliquoting and . anslysis of the
samples to performn such tagks -as verifying the identity of the samples, applying
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corrections for evaporation of the solutioﬁs, and specifying optimum aliquet sizes
for -the analysts to teke for each designated analysis. '

For every fuel-bearing ‘segment, the samples received for analysis
included one sample of the secondary dissolver (DS} .solution, two separate
samples of the UBT solution, and two separaté samples of the spiked blend tank
(SBT) solution {cf. Section IVEE; A weighed aliquot of the DS sample was
spiked with NBS 993 (primarily ?**U) and was analyzed to determine its.

B3U /45 ratio for use in computing, by isotope dilwtion formulas, the con-
centration of segment uraniwin in the DS solution. Each of the two UBT’
. samples was divided by weight into four aliquots to separafely measure (1) the
segment uranium isotopy, (2) the uranium concentration in the UBT solution, (8).
‘the concentrations-of the fission products 1*7Cs and Ce, and (4) the concentra-
tion of the fission product %Zr, One sliquot from ench of the SBT samples was
prepared to determine the 2331U/28U isotope ratio in the SBT sclution and
thereby allow calculation of the amount of segment uranium present in the SBT.
Our approach of taking o single aliguot from each of two separate gomples- of the
BT solutions provided replicate date with which we could evaluate the ‘
reprodugibility of the entire sempling, sample preparation, and measurement _
sequepce. These data are used in Appendices B, D, and E to agsess the qualify
of such operations as mixing of the BT solution, as well as to obtein a measure
~ of random- errors associated with the results of the individual assays that were
performied on the dissolved segmerits. ' L.

: In' confrast to the fuel-bearing segments, only two dissolver
solution samples were analyzed from diesolution of each fuel rod plenum section.
These wéte duplicate samples of the UBT solution (the BT was not spiked during
plenurn dissolutions), which were assayed for the 239U and 28274 concentration by
mass spectrometric isotope -dilution’ (MSID). In general, uranium in the dissolved
plenums was et such low levels s to preclude meeningful measurement of its
fsotopy. On_a few occasions, howeéver, uranium in a specific rod plenum was at
a level {concentration in the UBT solution greater than 10 ug/g) that allowed its
~ isotopy to be determined. In these cases, an additional aliquot from- each UBT

sample was taken (subsequent to obtaining the assay results) and prepared for
isotopic analysig. ' : - '

: During- dissolution of a few segments, there were mishaps (see
Section V.C.8.b) which resulted in additional samples being generated as part of .
actions taken to recover, When these special samples took the form of solutions,
they were treated in a manner similar to the UBT sclutions. Often, however,
thie samples were submitted as tissues used in wiping down specific areas of the
dissolver, equipment or hot cell. These tissues were thoroughly leached with nitrie
acid, and the leach™ solutions were freafed in -the same way as were the other
special ‘samples.

. ‘Bach solution aliquot designatéd for a pasticular type of mea-
gurement or analysis was prepared in a manner to provide s, guitable.sample. In .
" cases where uranfum isotope ratios were to be measured (the case for both
_ urahium isotopic measurements and eassays), uranium in the aliquot was isolated

~and purified for subsequent mass spectrometric or alpha pulse height analysis =
(AP}IA}. Aligiiots designated for fission-product sssays by gamma spectrometry

. were diluted to a uniform volume consistent with the geometry requirements of

the counting téchnigues that were employed. C
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Lakes, Melvin E (Mel)
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Sent: ‘ Moriday, May 05, 2008 12:53 PM

To: Dalion, David

Co: . Leonard, Ralph A.; Regalbuto, Monica G.; Bowers, Delbert L.; Emery, Jelfrey W.; Sullivan,
- Vivian S,; Rock, Cynthia §.

Subject: RE: Data from Analysis of Shlppmgport Fuel

Attachments: inconel X Technical Data.pdf; Cr in Cement Calc 5-4-08.xls; Betiis Info on Hardware, pdf

ANL-87-2 Partial Report pf

¥

Hello David:

Sorry it took me a while to get a response to you on your questions regarding the LWBR-POB
waste you are interested in.

As background, I am attaching a .pdf file with selected pages from the final project report,
ANL-87-2, which glves an overview of operations.

Waste Treatment is covered on pp. 42 thru 44. Note there 1s a reference to hulls having been
cemented separately from the dissolver solutions to produce non-TRU waste. This clarifies my
vague recollection that the hulls were cemented, but removes any p0551b111ty that the hulls
were included with the dissolver solution wastes you are interested in. The dissolver’

operations are covered in pp. 89 thru 1e9.

In answer to your guestions: Unfortunately, I am certain that no ana1y51s was done on the
dissolver-solution waste to determine trace element content (and in particular, the
concentrations of Cr, Cd, or Pb) and am not aware of any calculations to estimate them.
Nevartheless, I can_share some information that might help make an evaluation possible,

First: with regard to your reguest for info on the dissolution and solidification processes,
see the ANL-87-2 file -- it has sections on the dissolution and cementation operations that
should be helpful. The report notes that the cladding hulls were recovered, counted, and
weighed for each segment dissolved. .

Second, I gathered some information from various sources that could provide a bounding case
evaluation. Argonne dissolved 17 fuel rods in the course of its EOL campaign, including five
seed rods, 4 standard blanket rods, six power-flattening blanket rods, -and two reflector
rods,

Each rod contalned zircaloy-4.cladding and plenum hardware (spring) made of the NiCrFe alloy
Inconel X. We have talked about the zircaloy and agreed that it can be assigned a nominal Cr
" content of ©.1 wt%, with only trace impurity levels of Cd and Pb. I am not aware of any
constituents of the rods that would contribute substantive amounts of Cd or Pb to the waste
(I don't expect fission product Cd to be significant for U-233). Thus, the pertinent question
is whether the waste is hazardous by virtue of its Cr content. From & Bettis table of info on
fuel rod hardware, a mass of zircaloy and NiCrFe alloy in each rod type is available (see
Bettis info .pdf). If one assumes the Inconel X is 17%Cr (Max in spec), and the zircaloy is
8.1wt%, then total Cr from all the dissolved rods is on the order of 286 g, mostly from the
Inconel (only 11 g from all the zircaloy)--see the attached Excel spreadsheet.

For a bounding calculation, let's assume all of the hardware dissolved,

This ended up in 700 L of waste solution that was cemented in approximately 233 cans, each
tontaining 1.5 gallons of product cement.

The maximum concentration of Cr in the solution is thus 286 g Cr/708 L solution or 489 mg
Cr/L. Each can held about 3 L solution, or 1226 mg Cr at most. Assuming a density of 2 for
the cement (you might be able to make a better estimate from data you have on the waste
packages) I estimate the weight of cement in a can at 1.5 gal x 3.785 L/gal x 2 kg cement/L =

1




11.4 kg. Thus, the maximum Cr content of the cemented waste is on the order of 1226 mg/1l.4
kg = 108 mg/kg. If one put this material through a TCLP extraction (16@.g to 2060 mL
extraction fluid) and all of the Cr extracted, the TCLP result would be 5.4 mg Cr/L, uwhich is
greater than the TCLP regulatory limit of 5 mg/L for Cr and leads to the conclusion that the
waste could be hazardous by virtue of its Cr content.

To refine the estimate a bit, I looked up the data for dissolutions of the plenum segments of
the 17 rods processed at ANL. The plenum section of the rods.contained the Inconel springs
and no fuel. Thus, looking at the weight of the sheared plenum segment and the weight of
"hulls" - . . ‘

recovered after dissolution, one can estimate how much of the Inconel hardware might actually
have dissolved. The data are in the second worksheet of the Excel file attached. It looks
like a.large fraction of the Inconel was dissolved in every caseé since the mass that
dissolved tracks the inconel mass fairly well for all rod types(note that for Red P, I had to
" astimate the amount because the listed mass of hulls exceeded the segment mass -- something
in error). This refinement gives a projected TCLP maximum concentration of about 4.6 mg Cr/L.
T would say this is still too close to call and would hesitate to conclude the waste can't be
hazardous. One might be able to refine the estimate a bit further if a better value for the
density of the concrete were available, I used the value 2g/cc, but a typical cement density
could be justified to be 2.3 g/cc. This would lower the maximum Cr level to 2/2.3 % 4.6 = 4.0
mg/L (TCLP). As I mentioned above, you might have data from the waste packages that could
help establish a density value. )

Putting everything together, I would say one could make a good case that Pb and Cd are not of
concern, and that Cr is the constituent of concern in evaluating whether these wastes are
hazardous. The predominant source of Cr is the NiCrFe alloy (Inconel x) components in the
fuel rods, which torrespond mostly to the springs in the plenum sections. These components do
appear to have dissolved to a large extent during the destructive analysis operations. The
quantities of Cr associated with these components are of a magnitude that is in the
neighborhood of the TCLP regulatory limit. Reasonable conservative assumptions project that
the Cr is just below the threshold at which the waste could be hazardous. Whether one can
Jjustify not sampling on this basis, I can't say.

Hope this helps some,
Feel free to call if you have questions.

Don Graczyk
636-252-3489

-~---0riginal Message-----

From: David Dalton [mailto:David_Dalton@RL.gov]
Sent: Tuesday, April 29, 2088 5:42 PM

To: Graczyk, Donald G.

Subject: Data from Analysis of Shippingport Fuel

Dear Mr. Graczyk,

My name is Dave Dalton. I work for Fluor Government Group at the Hanford site. I deal with
a lot of the difficult waste streams that Hanford has to treat and/or dispose of. One of the
waste streams that I am working on is the U-233/Th-232 fuel that came from the Shippingport
Reactor as part of the LWBR Proof-of-Breeding program. As you may recall, some of the fuel
from this reactor was sent to Argonne for dissolution with acid and then the resulting
solution was analyzed. The remaining solution was then neutralized with lime and solidified
with cement.




Hanford has arbitrarily designated the waste as hazardous because of the Cr, Cd, and Pb in
the cladding. This decision was not based upon actual data, but done to be conservative.

(My comment to the people who decided to do this was that it may have been conservative from
their point of view sitting behind their desk, but it certaintly wasn't conservative from an
ALARA point of view to the people they concemmed to have to sample the waste by just deciding
to call it hazardous.) 1In order to correct, if possible, this hazardous designation, I am -
trying to get information on the actual concentration.of the Cr, Pb, and Cd in the solution
{i.e., after fuel dissolution or in the solidified mass after adding cement, I+ I cannot
find this data, I will try to do a mass balance to determine the concentration based upon
computational results. :

I am contacting you because I found 3 document that mention you sent some of the analytical
resulis to INL for calculations to be performed,

Can you help me in any way with this task? Do you know of any analytical results or
calculations to determined the €d, Pb, and Cr in the dissolved fuel solution or the concrete?
If not, do you know how I can get the recipe that was followed to do the dissolution and the
- solidification? T can be reached at 589-373-0188.

Thanks,
Dave Dalton

This message was sent by a visitor using the Argonne Employee Dlrectory contact form at
http://waw.anl,gov/directory/.




Type Andlysis | Description | Corfosion Resistance | Physical Properties
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Type Analysis
, [ Bemet || Min Max
‘ [ Cazbon - 0.08
: [ Manganese - 0,30
: B Silicon - 056 |
' Sulfur ~ 0ot |
Nickel+ Cobslt 70.0 min ]
Chrombum 14.0 170 |
B Tron 5.00 900 |
| Aluminum , _I
t Titeninm -|
f Copper
Cb+Ta
Description

Alloy X-750 is a precipitation-hazdenable alloy which has been used in applications such as high temperafure structural members for gas turbines, jet engine parts, nuclear power
plant applicafions, heat-ireating fixtures, forming tools, and extrusion dies. The alloy is highly resistant to chemical carrosion and oxidation and has high stress-rupture strength and
low creep rates under high stresses at temperatures up to 1508°F (816°C) after suitable heat treatment. .

*

Corrosion Resistance

Alloy X750 has excellent reslstance to chloride ion stress-corrosion eracking, It exhibits satisfactory resistance to numgrous oxidizing environments. The slloy has similar corrosion
resistence to elioy 600 in many media.

Physical Properties

Density .
IB/EeU iMcsis s icssnsmrirensnssrmnassins 0.300
Ke/ot Mo R x (X
Melting Range .
by SR . . 2540/2600
B SO 139371427
Thermal Conductivity




K * Temperiture ; '
Btu-in/fi*-hr-°F Wim-K
| R . °C
300 117
’ 142
184
199
218
245
Electrical Resistivity .
: ’ ohm-clr miiliit : wilerdhm-mm I
- Condition - -
At Roosn Temperature . ]
Het Rolted . 764 . 1270
Solution Treated 6 . 1190
Solution Treated ]
ond Aged . 746 ' 1240
Maduius of Elasticlty

Temperature . . :
I C psi x 10(6) MP2 x 10(6)

26,7 310 . 213.7 :
260.0 28.7 197.9
538.0 230 1724
7320 - 21,0 144.8

' 816.0 18.5 127.6

L e e e

Coofficient of Thermat Expanéinn

I Temperatura Range . <

10(-6C II

| 80°F to 267°C to
200 93 6.7 12.1
600 316 25 135
1000 58 29 142

1200
1600

649 g1 146
871 ) 9.0 162

) Spectfic Heat ) Biu/lb-"F [ kdlka-K ]

TH212°F 25/100°C) 0.16-0.11 0.42-0.46 .
TTH650°F (25/899°C) 0.13 0.54 .

Heaf Treatment

Alloy X750 is austenitic under all conditions, The alloy is heat treated by several different methods depending upon the application or requirement. Two commion froatments are;
1. For maximum creep, relaxtion and ruptute strength at temperatures above 1108°F (593°C):
Solutlon Treatment - 2100°F (1145°C), 2 to 4 hrs, air cool.
Intermediste Age - 1550°F (843°C), 24 brs, sir cool.
. Einal Age ~1300°F (704°C), 20 ks, air cool. .
2. For highest room temperature yield strength and tensite duciility:
Stress Equaliztation - 1625°F (885°C), 24 ks, sir cool.
Precipitation Age - 1300°F {704°C), 20 hrs, air cool,

Workability

The furnace temperaturs should be 2100°F (1149°C)-for optimal starting temperatures of 1950/2000°F, For service below 1100°F (593°C), higher strength can be obtained by
combining some cold work with heat treatment because the cffects are additive,

Machinablliy .
Alloy X~750 work hardens quickly and is more difficult to machine than most standard ferritic and martensitic alloys, The alloy is most easily machined in the stress-equalized




condition. Because specific cutting forees are high, the machine tools tised must have ampie power and the cutting speed should be slow, The tools must have smooth finishes, be
sharp, and be very rigid. To avoid woik hardening , 2 continuous, smooth cutéing acfion should be maintained; thus, the machines must have s minimum of backlash and the tool and
workpiece must be rigidly supported. If at all possivle, avoid very small cuts and feeds.

Welding . :

Alloy X-750 should be wékled in the stress-equalized condition, 1625°F (885°C) hicat treatment, and solution treated and age hardened after welding has been compicted, If this is
not practical, the alléy should be welded in the eolution-treated condition and age hardened after welding with or without the inclusion of a short<period stress-refieving treatment at
1625°F, Weld joints, because of softening of the alloy within the heat-affected zone, should be located where lower creep properties are required,

Lo —— —— — - T T g T T et T T

Typical Mechanical Properties

Rgom Temperature Mechanical Properties

Temmer ' Tensile Strength, Yield Strengith Elongation Haréness,
emp psi 0.2% offset, pst i 2%, % Brinel} l

Hot-finishedt + 1300°F/20 hr, A.C ' 170,600-206,000 120,000-163,000 25-15 313400
Hot-finished + Annealed )
1800°F/t b, A.C + 1350°F/ . 162,000-193,000 115,000-142,000 3015 360-3%0
J 8 tr, F.C. 100°F{hr to ’ -
F150°F (totel [8 hr), A.C.

Hot-finished + 1625°F/24 hr, 160,000-188,000 100,000-135,000 3015 302-363.

A.C+ 1300°F/20 hr, A.C.

Cold-rolied, enncated +

E300°F/20 hr, A.C. 160,000-197,000 105,000-150,000 30-20

Bar Stock:

Treatment #1 . .

Solution treatment 2100°F (1149°C), 2 to 4 hrs,, aircoel intemtediste age 1550°F (843°C), 24 hrs,, air cool
Final age 1300°F (704°C}, 20 hrs., air coo} R

| Test N .
Temperature . Short-Time Tensite Properlies Tests

Yield Strength Ultimate . .
of oc 0.2% offset Tensile Strength % Elongation % Reduction
2 in2" (308 mm) of Avea

ksl MPa kst MPa

70 92 634 161 1110 2 30
8 572 140 965 20 30
82 565 120 827 10 21
68 469 80 553 10 2

45 310 47 324 20 32

Inconel X-750 - Current Inventory Steck .

All Trademarks and/or Trade names are the properties of their respective owners




Special Metals INCONEL® Alloy X-750 . Page 1 of 2

Special Metals INCONEL® Alloy X-750

Categories: Metal; Superalioy; Nickel Base

Material  Nickel content above includes cobalt; Nb content above includes Ta. A nickel-

Notes: chromium alloy similar to INCONEL alloy 600 but made precipitation hardenable by
additions of aluminum and titanium. The alloy has good resistance to corrosion and
oxidation along with high tensile and creep-rupture properties at temperatures to about
1300°F (700°C). Its excellent relaxation resistance is useful for high-temperature
springs and bolts. Used in gas furbines, rocket engines, nuclear reactors, pressure

" vessels, tooling, and aircraft structures. Standard product forms are round, flats,
extruded section, forging stock, plate, sheet, strip, pipe, tube, and wire.
Data provided by the manufactorer, Special Metals,

Key MIL-N-7786, MIL-N-8550, MI.-$-23192, MIL-N-24114; NACE MR-01-75; AFNOR

Words: NC 15 FeT, SAE AMS 5542, 5582, 5583, 5598, 5667 - 5671, 5698, 5699, 5747, 7246,
UNS N07750; BS HR505; ASTM B 637, ASME SB-637, Boiler Code Section 111,
Werkstoff Nr. 2.4669

Vendors:  Click heye to v1ew all aveulab}e suppliers for this material.

Please click here if you are a supplier and would like 1nformat10n on how to add your
listing to this material.
Physical Properties ~ Metrie. English : Comments

Density 8.28 glec - 0.299 Ib/in?

Mechamnical Properties Metric English Comments

Tensile Strength, 1120 MPa 162000 psi - Precipitation Hardened prior fo test

Ultimate @Temperature  @Temperatare

550 °C 1020 °F _ :
1250 MPa 181000 psi Precipitation Hardened. Value at room
: temperature.
Tensile Strength, Yield 760 MPa "~ 110000 psi Precipitation Hardened prior to test;
@Temperature  @Temperature  0,2% offset
550°C 1020 °F
850 MPa 123000 psi Precipitation Hardened, Value at room
temperature; 0.2% offset.
" Blongation at Break 220 % 22.0% ~ Precipitation Hardened prior to test,
@Temperature ~ @Temperature ‘
550 °C 1020 °F :
30.0 % 30.0 % ‘Precipitation Hardened
Electrical Properties Metric English Comments

Blectrical Resistivity 0000122 ohm-cm 0.000122 ohm-cm :

Magnetic Permeability 1.0035 1.0035 at 200 cersted (15.9 kA/m)

Curie Temperature =125°C -193 °F -

Thermal Properties Metric English Comments -

CTE, linear 20°C . 12,6 pm/m-°C  7.00 pin/in-°F 20-100°C




Special Metals INCONEL® Alloy X-750

Specific Heat Capacity 0431 I/g-°C
Thermal Conductivity 12.0 W/m-K

Melting Point © 1390-1430°C
. Solidus 1390 °C

- . Liguidus - 1430 °C

Materll)al C(_)m'ponents Moetric
ropérties

Aluminum, Al 0.400 - 1.00 %
Carbon, C L <=0.0800 %
Chromium, Cr 140-170%
Cobalt, Co <=1.00%

Columbium (Niobium, 0.700 - 1.20 %
Nb) -

Copper, Cu <= 0.500 %
Iron, Fe 5.00 - 9,00 %
Manganese, Mn <=1.00%
Nickel, Ni >= 70,0 %
Silicon, Si <=0.500 %
Sulfur, S <=0.0100 %

Titanivm, Tt 225-2715%

Page2of 2

0.103 BTU/b-°F

BEnglish Comments

0.400 - 1.00 %
<= 0.0800 %
140-170%
<=1.00 %
0.700-120%

<=0.500 %
5.00-9.00 %
<=1.00 %
>=70.0 %
<=0.500 %
<= (0.0100 %
2.25-275%

Some of the values displnyed above may have been converled from their original units and/or rounded in order to displey the information in a consistant format.
Users requiring more precise data for scientific or enginearing caleutations cen click on the property velue to see the originat value as welt a5 raw conversions to
equivatent unks. We advise that you only use the original vatue or ong of its raw conversions {n your calculations to minimize rounding error. We also ask that you
refer to MatWeb's disclaimer and terms of use reganding this information. Click here to view all the propesty values for this datashee as they were originaily

entered inte MatWeb,

NINC35



ZirAly-019

Reactor Grade Zirconium Alloys for Nuclear Woaste Disposal
ZERCON!UM ALLOYS

Zirconium Is a commercially avaflable refractory metaf with, excellent corrosion resistance, good mechanical
-properdes, very low thermal neutron cross section, and can be mandfactured uslng standard fabrication
tachniques, The unique propertles of zirconium made ideal cladding materfal for the U.S. Navy nuclear .

propulsion program in the 1950'. The initlal commerclal nuclear power reactors used stalriless steel to clad the

uranium dloxide fuel due to' cost. But by mid-1960 zirconlum alloys were the prlnciple claddtng material due to

the superior neutron econamy and corrosion resistance. These same zirconium alloys are available to designars

of high level nuclear waste disposal contalners as Internal components or external cladding. Additlonal
advantages of zirconium atloys for long term nuclear waste disposal include excellent radiation stabllity and

100% compatibllity with existing Zircaloy fuel cladding to alleviate any concertis of galvanlc corrosion.

The various zirconium alloy grades used in water-cooled nuclear reactors are also avallable for nuclear waste
disposal components, Reactor grade deslgnates that the materlal has low hafnium content sultable for nuclear
* service, Thé hafnlum ls typically 0.610% maximum, The American Society for Testing and Materials (ASTM)
offers widely racognized grades of zirconlum alloys, Zircaloy-2 (Grade R60802) is compased of Zr-1.5%5n-
0.15%Fe-0.1%Cr-0.05%N and has been predomlnantly used as fuel cladding in Boiting Water Reactors {(BYWR)
and as calandria tublng In CANadian Deuterium Uranium (CANDU) reactor types. Zircafoy-4 (Grade R60B04)
has remov'ecf the nicke! and Increased the Iron content for less hydrogén uptake In certain reactor conditions.
The ailr.;y is typleally used as fuel cladding In Presstrized Water Reactors (PYWR) and. CANDU reactors, The
nominal Zircaloy-4 compositton Is Zr-1.5%5n-0.2%Fe-0.1%Cr. Refinements In the Engot homogenelty have
allowed tighter control of the alloy elements within the ASTM specification, Controlled Compésltion Zlrcaloy .
offers optimized In-reactor corrosion resistance by adjusting the alloy alm polnt within the ASTM speclflcation
fanges. Controlied Composition Zircaloy-4 has lower tin (1.3%) and higher iron {0.22%) than the standard
grade. Zr-2.5Nb {Grade R60904) Is 2 binary alloy with nicbium to increase the strength. The alloy has been
utllized for pressme tubes In CANDU reactors. Non- reactor grade Zirconium 702 (Grade R60702) has 4.5%

miaxtmum hafium and s also avallable from Wah Chang.

Zirconlum alioys have superior thermal propertles compared to other traditional materlals in consideration for
spent nuclear fuel contatners. Zirconium alloys have a thermal conductivity more than 30% higher than stalntess

steel alloys, The linear coefficient of thermal.expansion for Zlrconium alloys is nearly onethird the value for
stalnlass steel giving zircohlum alloys superlor dimensional stability at elevated temperaturas, This Is an
advantage In nuclear waste contalners where temperatures could exceed 200°C for hundreds of years.

Zircaloy-2 and Zircaloy-4 have 2 hexagonal close-pacled.(HCP) crystal structure at ¥oom temperature as an
alpha phase. The beta phase is body centered cublc {BCC} and begins to form upon heating to approximately
Bi0°C. The fraction of beta phase Increases with temperature untl complete transformation to beta phase

Data are typleat end should rot be construed ax maximum or mipimum vakies for speeificadon or for firal design. Pa ge | Of 4

Data on li'lj' partleutar plece of nmerh! may vary fiom r.hnse herein, Copyright Wah Chang 2003
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occurs at approximately 980°C, Zircaioy exhibits anisotropy as & result of the HCP crystaﬁ structure, The
hexagonal crystal deforms by both slip and twinning to produce a strong preferred orfentation of the crystals
(texture) during cold working. Typlcally, cold rolled Zircaloy strip will have-a strong nortmal texture where most
of the basal poles of the hexagonal crystals are ‘orfentated about 35 degrees to the transverse plane of the strip.
The anisotropic properties of Zircaloy strip results In signiﬂcantiy higher yield strength values In the transverse

direction. The control of crystaliographic orientation aliows designers to optimize material properties.

ZIRCONIUM ALLOY PROPERTIES
Zirconlum resists corrosive attack In most organic and mineral aclds, strong alkalls, and some molten salts,
Soluttons of nitric acid (HNO; ), sulfurie acld {H, 30,) and hydrochloric actd (HCI) with Impurltles-of ferric,
cupric and nitrate lons generally result in corroslon rates of fess than 0.13 mmfa (5 mpy) even at temperatures,
well above the bolling polnt curve. A tlght!y adherent and protectlve oxide filin protects the metal-oxide X
interface to provide corrosion resistance. An additional bensfit for zircontum alloys In long-term geological
d;sposal options Is the Inert nature of zirconium oxide: Application of zirconfum alloys alleviates the concern of

nickel and chromlum contamination in the ground water in severaly corroded spent fuel contalners.

Zirconlum alloys produced by VWah Chang are avatiable in a wide varlety of sizes and shapés including plate,
strip, sheet, fofl, tubular products, rod, and wire. Wrought products are typlcally supplied In.an annealed and
conditioned form. One of our specialtles at Wah Chang Is the abiht}' to develop alloys to meet your
speclﬁcatlons. If you have an unusual alloy or size requirement, call us and we will be happy to help In the

developmental process.

THERMAL NEUTRON CROSS SECTIONS (BARNS)

Magnestam ; 5.059
Lead T 017
Zirconium = 0.18
Zircaioy‘—‘# . i 0.22
Aluminum 4023
tron 256.
Austenitic Stainless Steel .o ad
Nickel ‘ 43
Titanium 181
Hafnium ‘ 104-
Boron 750
.Cadmlum . 2,520
- Gadollnfum 48,890
| et ol
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COMPOSITION (WEIGHT PERCENT)

TECHNICAL DATA

SHEET

Name Tircaloyd - Zircaioy-4 Zr-25Nb
UNS Grade RG0B02 R60BO4 R60904
Thn T20-1.70 1 T20-176
iron 0.07-0.20 -0.18-0.24 -
Chromium 0.05-0.15 6.07-0,13 .
Nickel 0.03-0.08 -
iNiobium - - 2.40-2.80
Oxygen Per P.O. Per PO, Per PO,
iron + Chromium + Nickel 0.18-0.38 -
fron + Chromium 0.28-0.37 .
MAXIMUM IMPURITIES, WEIGHT % -
Name Zircaioy-2 Zircaloy-4 Zr-2.5Nb
Aluminum 0.0075 0.0075 - 0.0075
Boron 0.00005 . 0.00005 0.00008
Cadrlum 0.00005 0.00005 -0.00005
Carbon’ 0.027 10037 0.027
" Chromium - 8.010
Cobalt 0.0020 Q-.OOZ_O 6.0020
Copper 0.0050 0.0050 0.0050
Hafium 0810 0.010 0.005
Hydrogen 0.0025 0.0025 £.0010
ron = 0.150
Magneshim 0.0020 0.0020 0.0020
Manganese 0.0050 0.0050 0.0050
Molybdenum 0.0050 4 0.0050 0.0050
-Nicleel - 0.0070 .} 0.0070
Nitrogen , 0.0080 0.0080 0.0065
Phosphorus —-- - 0.0020
Silicon 0.0120 0.0120 0.010
Tin - - 0.0050
Tungsten 0.010 0,010 0.005
Tltanium ‘ 0.0050 ' 00050 0.0050
Uranium (total} 0.00035 1 0:00035 0.00035

Dar are typlal and should pot be contirued as maximum or minkum values for specification or for final désiga,
Dm o my pm.ku!ar pk:e of mmml may w.ry from tho:a hereln. Cop}'ﬂghl Wah C'hang 2003 i
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PROPERTIES OF ZIRCALOY-4

TECHNICAL DATA SHEET

Density

6.55 glce (5}‘237 tbsfeun.)

Coefficient of Thermial Expansion at 5°C

& pmim °C (3.3 pin/in-°F)

Heat Capacity 0.285 j/z-°C {0.07 BTUMb-"C)
Thermal Conductlvity 21.5 Wattsim-K (149 BTU-Infhr-ft" -°F)
Malting Pomt [850°C (3,362°F)

Alpha-FAlpha ¥ Bota Phase Transformation - ~8I0°C
Alpha + Bata¥Bata Phase Transformation ~980°C

“Hardness ' & b average
Modulus of Elastlclty 99.3 Gpa (14,402 ksi)

Poisson's Ratio 0.37
Shear Modulus 36.2 Gpa (5,249 ksl)

MECHANICAL PROPERTIES OF ZIRCALOY-4 ANNEALED 2 MM THICK STRIP

| Otientation Longltudiﬁai Transverse i

Test Te;nperature | Room Témp. T286°C Room Temp: 288°C
“Uttimate Tenslle Strength, |
Mpa 541 27 515 241
) 784 93) T74.6) 349)
Yield Strength, ' ~ _
MPa 80 52 - 768 70
) G5 @20) 679) 58
| Elongation, % 28 43 29 - 44

CORROSION RATE DATA FOR ZJRCALOY 4

Corrosive Media Concentrafion % Temperature °C Corrosion Rate mmia (MPY)
FCT T 13 036 (1)

NG, 75 120 005 (3

50, 70 O 0.3 (<5)

cuch, X Iz 502 (1)

FeCh, s 135 018 @)

NaCl 5 750 il

Dam are typlital and thould not be ronsmruad at maxkmim of mh!mum values for specification or for final destgn.

Cha on any panlcd:r plece of nmerhl may nry from ‘huse hzrem. Copyﬁght Wah Chang 2003,
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